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A  systems  engineering  approach  to  the  development  of  a  warship  optimized  for 
the  deterrence  of  regional  conflicts  in  littoral  waters  is  presented,  followed 
by  a  description  of  the  preliminary  design  of  the  ship  shown  by  analysis  to 
be  most  effective.  The  requirement  for  the  project  reported  was  to  develop 
a  ship  which  would  be  effective  in  deterring  regional  wars  among  third  world 
nations;  in  hampering  the  military  effectiveness  of  the  aggressor  should 
deterrence  fail  and  in  protecting  or  evacuating  limited  numbers  of  civilians. 
The  study  reports  on  an  analysis  of  likely  threat  weapons,  on  the  means  used 
to  choose  defensive  combat  system  capabilities  to  defeat  such  weapons  and  on 
the  selection  of  capabilities  necessary  for  successful  operation  in  littoral 
waters.  Major  emphasis  is  placed  on  measures  intended  to  signiflcai^ly 
improve  the  ship's  survivability  relative  to  existing  coiid>atants.  The  design 
description  includes  data  and  numerous  drawings. 
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A  Regional  Deterrence  Ship,  RDS  2010 


This  report  r  lents  a  systems  engineering  and  design  capstone  project  undertaken 
by  students  in  the  Total  Ship  Systems  Engineering  program  at  the  Naval  Postgraduate  School. 
The  project  was  performed  under  the  direction  of  ^f.  C.  N.  Calvano.  (The  officer  students 
who  comprised  tte  design  team  were:  LCDR  Dwight  Alexander,  LCDR  Dean  Cottle,  LT  Kent 
KeteU  and  LT  Jeff  Riedel,  aU  USN.) 

ABSTRACT 


A  tentative  operational  requirement  w>  *  given  to  the  development  team,  calling  for  analysis 
and  design  of  a  ship  which  would  f  -Ifective,  through  presence-projection,  at 

operating  in  littoral  waters  to  deter  region>i(  conflicts  between  third  world  nations  and  at 
hampering  the  military  operations  of  the  nation  in  the  event  the  deterrent  effort 

fail^.  The  ship  was  also  required  to  have  significant  capability  to  support  the  evacuation  of 
friendly  personnel;  to  be  fully  capable  to  be  operationally  integrated  into  a  battle  group;  to 
support  limited  amphibious  operations  (conducted  from  ether  sh^)  and  to  have  robust  self- 
defense  (but  not  area  defense)  capabilities.  Because  the  ship  would  be  operating  in  a  high- 
tension  area,  it  is  likely  to  be  fired  upon  from  a  peacetime  footing  and,  dieTvsfore,  was  required 
to  have  significant  vulnerability  reduction  features. 

The  report  documents  the  identification  of  threat  weapon  characteristics  and  the  analysis  of 
four  possible  threat  attack  scenarios.  For  each  scenario,  the  team  required  diat  the  RDS  2010 
be  ctqmble  of  achieving  a  kill  probability  in  excess  of  .99  against  all  assumed  threat  weapon 
combinations.  The  report  describes  the  analyses  conducted  and  the  combat  systems  suite 
selected  to  be  incorporated  in  the  ship. 

Minimization  of  the  likelihood  and  numbers  of  crew  casualties  was  a  high  priority  design 
guideline  and  the  report  discusses  the  various  design  alternatives  considered  to  reduce  die 
ship’s  vulnerability  to  threat  wetqions.  A  double  hull  was  incorporated,  providing  significant 
reserve  buoyancy,  a  measure  of  additional  standoff  distance  against  wartead  detonations  and 
providing  tte  necessary  volume  for  incorporation  of  yet-to-be-defined  measures  for  defeating 
warhead  effects.  Considerable  care  was  given  m  the  arrangements  of  combat  capabilities  in 
enclaves  to  reduce  the  likelihood  of  loss  of  multiple  capabilities  from  a  single  hit. 
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L  INTRODUCTION 


This  pq)er  is  the  final  report  for  the  Total  Ship  Systems  Engineering  (TSSE)  student 
design  project  for  the  TSSE  class  of  1993.  This  rq}ort  represents  the  compilation  of  all 
woric  poformed  over  a  two  quarter  period  fi’om  Octobo'  1992  through  March  1993.  The 
various  assignments  and  design  products  created  have  been  integrated  into  this  one  design 
report  to  provide  a  detailed  and  comprehensive  record  of  the  work  completed. 

The  design  of  the  Regional  Deterrence  Ship  (RDS)  2010  (formerly  known  as  the 
Force  Projection  Ship  (FPS)  2010)  included  all  focets  of  a  real  design,  though  some  detail 
had  to  be  omitted  in  the  interest  of  time  and  resource  constraints.  Overall,  the  project 
included  the  following  miyor  deagn  phases: 

(1)  Requirements  Setting 

(2)  Threat  Environment  and  Analysis 

(3)  Combat  System  Definition 

(4)  Hull,  Mechanical,  and  Electrical  Feasibility  Tradeoff  Studies 

(5)  Preliminary  Design  and  Cost  Analysis 

(6)  Design  Evaluation 

The  chapters  of  this  report  will  include  salient  results  of  these  design  phases  and  other 
rdevant  material. 

Figure  1-1  illustrates  the  timeline  of  the  imyor  evolutions  which  occured  during  the 
two  quarter  design  effort,  .^pendbc  A  contains  the  design  history  which  chronicles  the 
mryor  design  decisions  associated  with  the  various  design  phases. 


October  November  December  January  Febniaiy _ March 


Design  Timdinc. 


DL  REQUIREMENTS  SETTING  PHASE 

The  requiranents  setting  phase  of  the  ship  dedgn  process  b^ins  with  the  articulation 
of  a  med  that  is  not  being  met  by  the  current  ship  inventcHy.  For  this  dass,  the  professors 
acted  as  the  "operators",  representing  the  OPNAV  structure.  They  articulated  the 
geopolitical  view  of  the  worid  in  the  year  2010,  with  spedfic  enqrhasis  on  the  Naval  roles 
and  misdons  in  this  world  view.  Based  on  these  roles  and  nusaons,  th^  then  postulated  a 
Force  Projection  Ship  (FPS)  to  meet  a  qrecific  niche  in  the  required  U.S.  defense  posture. 
They  defined  in  general  terms  the  roles  and  capabilities  of  this  envisioned  ship,  intending  h 
to  be  the  CNO  top  level  guidance  to  kick  off  the  dedgn  study. 

The  report  provided  by  the  professors  is  induded  in  the  pages  which  directly  follow. 
The  student  design  team  was  tasked  to  produce  a  requirements  document  for  submittal  to 
the  CNO.  This  requirements  document  would  then  be  ^en  back  to  NAVSEA  (the  design 
team)  to  initiate  feasibility  studies  for  the  FPS-2010. 
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A.  CNO  TENTATIVE  REQUIREMENT  STATEMENT 
1.  Worid  View-2010  time  frame 

In  terms  of  global  reach,  the  worid  will  be  unipolar,  with  only  the  U.S. 
possessing  meaningful  global  reach  capabilities.  The  fundamental  U.S.  -  FSU  (Former 
Soviet  Union)  relationship  will  be  one  of  cooperation— rather  than  competition— on  most 
issues.  This  relationship,  however,  is  becoming  less  important  because  the  FSU  is 
becoming  fragmented  to  such  an  extent  that,  excq>t  for  nuclear  weapons  capability,  h 
possesses  virtually  no  attributes  normally  assodated  with  superpower  status. 

In  r^onal  terms,  the  2010  worid  will  be  multipolar  and  the  fundamental 
relationship  among  regional  powers,  on  most  issues  of  importance,  will  also  toid  to  be 
more  cooperative  than  competitive.  The  worid  will  seem  "kinder  and  gentler"  in  most 
respects,  although  potentially  destabilizing  developments  will  continue  to  bubble  just 
below  the  surfitce  in  several  of  the  worid's  traditionally  troublesome  regions.  Any  one,  or  a 
combination,  of  these  could  erupt  and  result  in  international  crisis  conflict  in  the  near 
future. 

a.  The  U.S.  Navy  will  continue  to  require  the  ability  to: 

( 1 )  operate  in  a  forward-deployed  mode,  far  from  U.S.  shores,  for 
lengthy  periods  of  time; 

(2)  project  power  ashore  via  tactical  air  power  and  cruise  missiles; 

(3)  conduct  opposed  axnphibious  assaults; 

(4)  protect  U.S.  interests  and  U.S.  nationals  worldwide. 

b.  In  this  changed  world,  however,  blue-water  Naval  engagements  with  a 
powerful  adversary  Navy  will  not  be  a  threat.  U.S.  Navy  operations  are  likely  to  have  the 
following  characteristics: 

(1)  take  place  mostly  in  littoral  watos  off  die  shores  of  nations  which 
are  now  frequently  referred  to  as  "third-world";  . 
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(2)  be  of  a  peacekeeping  or  tension-reducing  nature;  Navy  ships  will 
find  themselves  introduced  into  volatile  areas  for  the  purpose  of  "cooling”  down 
adversary  nations  within  a  region  (transition  from  "peacetime"  conditions  to  active 
engagement  may  occur  without  warning); 

(3)  be  intended  to  remove  U.S.  nationals  from  trouble  ^ts,  or  show 
U.S.  resolve  to  protect  its  nationals  as  well  as  its  odier  interests  in  the  area; 

(4)  be  part  of  a  collective  security  organization  (e.g.  UN)  sanction- 
enforcement  effort  and  take  the  form  of  trade  interdiction  or  embargo; 

(5)  consist  of  strike  operations  intended  to  "decapitate"  an  aggressor 
nation's  war  fighting  capabilities,  or  opposed  landings  of  limited  size  forces  (up  to 
Marine  brigade  size),  or  covert  insertion  of  special  forces; 

(6)  be  challenged  by  nations  with  modem  equipment  (probably 
purchased  from  "first  world"  powers)  in  limited  numbers;  but  operated  in  a  skilled  and 
determined  way. 

2.  FPS  Role  in  2010 

The  study  team  sees  the  role  of  the  envisioned  EPS-2010  as  follows: 

a.  lengthy  deployment,  world  wide; 

b.  operations  in  all  oceans  (but  not  in  polar  regions); 

c.  either  independent  or  Battle  Group  operations; 

d.  AAW  (self  defense  but  not  area  defense)  against  attacks  launched  by  third 

world  nations; 

e.  ASW  against  nuclear  and  non-nuclear  submarines  in  shallow  water; 

f.  ASUW  against  diird  world  surface  naval  forces; 

g.  presence  projection; 

h.  keeping  ports  and  choke-points  open  to  peaceful  sea  borne  commerce; 

i.  support  of  special  operations; 
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j.  destruction  of  high-value,  land-hased  Military  targets; 

k.  sq^rt  of  anq;>hibious  assaults; 

l.  operations  in  mined  areas; 

m.  intardiction  of  contraband-carrying  ships. 

3.  Political  Considerations 

It  is  clearly  in  the  best  interests  of  the  United  States  to  be  able  to  intervene  eariy 
in  potential  r^onal  violence  in  order  to  avert  it  or,  at  least,  affect  the  outcome.  However, 
such  actions  will  not  be  accqitable  if  they  cany  a  high  price  tag->in  dollars,  in  international 
political  impact  or  in  American  lives.  Therefore,  a  surfiice  ship  to  fill  these  roles  must  be 
deagned  to  minimize: 

a.  the  probability  (and  numbers)  of  crew  membo’  losses; 

b.  the  probability  of  loss  of  the  ship; 

c.  the  share  of  the  shrinking  defimse  budget  that  the  ships  represent; 

d.  the  probability  of  causing  damage  to  iK>n-combatants  or  neutrals. 

4.  Other 

It  is  antidpated  that  8  to  10  of  th^  ships  would  be  buih. 

Summary: 

The  design  team's  requiremmts  document  is  included  next.  This  is  the  resuh  of  a  few 
hontions  of  submittals  and  revisions  betwem  NAVSEA  (studoit  design  team)  and  CNO 
(professors).  One  nugor  change  that  occurred  during  this  process  was  a  dumge  in  the 
name  of  the  ship  firom  Force  Projection  Ship  (FPS)  to  Regional  Deterrence  (RDS). 
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B.  REQUIREMENTS  DOCUMENT  FOR  REGIONAL  DETERRENCE  SHIP 
(RDS)2010 

1.  General  Description  of  Operational  Requirement 

The  Chief  of  Naval  Operations  (CNO)  and  Joint  Chiefi  of  Staff  (JCS)  guidance 
for  the  Navy  in  the  decade  b^inning  in  2010  describes  a  duuige  in  emphasis  and 
requirements  for  Naval  combatants  deagned  to  be  dq)loyed  in  that  time  frame.  The  world 
will  be  unipolar  with  only  the  United  States  possessing  meaningful  ^obal  readi 
aq>abilities.  The  intmse  Cold  War  adversarial  relationship  with  the  rq>ublics  of  the  f-  er 
Soviet  Union  will  have  dumged  to  one  of  cooptation  on  most  issues.  The  republics  e 
former  Soviet  Union  will  possess  virtually  no  attributes  normally  associated  with 
superpower  status,  with  the  exception  of  their  remaining  nuclear  weapons  arsenal  and 
capability. 

The  regional  view  of  the  world  will  be  multipolar  with  the  fundamental 
relationships  between  r^onal  powers  bang  more  cooperative  than  competitive  on  most 
germane  issues.  Howeva,  potentially  destabilizing  devdopments  will  continue  to  simmer 
amongst  nations  in  some  traditionally  troubled  r^ons.  As  nations  emerge  from  under 
unifying  but  represdve  regimes,  traditional  ethnic  strife  will  come  to  the  forefront.  These 
regional  friction  points  could  involve  U.S.  dtizens  and  erupt  imo  international  inddents 
resulting  in  a  aids  that  draws  in  the  United  States. 

To  operate  effectivdy  in  the  world  environment  of  2010,  a  balanced  Navy  force 
structure  is  required  vdiich  includes  a  R^onal  Deterrence  Ship  (RDS).  The  RDS  2010  is 
needed  to  meet  the  challenge  of  a  reduced  blue  water  threat  while  enhancing  the 
capabilities  required  for  operatirig  in  the  coastal  waters  of  third-world  nations.  The  RDS 
2010  will  effectivdy  show  an  American  presence  in  any  part  of  the  world  as  a 
peacekeeping  and  torsion  redudrig  tool  and  show  American  resolve  to  protea  U.S. 
citizens  in  a  volatile  region.  Additionally,  the  RDS  2010  will  be  crqrable  of  opoating  as 
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part  of  a  collective  aecurhy  force  with  the  idMlhy  to  project  power  ashcHre  while  mifiuniziog 
its  own  vulnendnlity  and  susceptibility. 

2.  Tlufeat 

The  U.S.  Navy  foces  a  threat  in  2010  primarily  fitmi  modem  and  capaUe 
weiq^n  ^stons  possessed  and  sldllfolly  <^)erated  by  third-woild  nations  in  limited 
r^onal  engagements.  These  we^^  systems  are  purchased  from  frrst-wmid  powers  such 
as  the  U.S.,  its  allies,  Chifui  and  member  states  and  fimner  allies  of  the  fi>rmer  Soviet 
Union.  The  ci4)ability,  skill,  and  detemrined  manner  in  which  these  weapons  may  be 
dq>loyed,  though  contained  to  a  limited  r^on,  must  be  appreciated.  The  RDS  2010  nnist 
be  capable  of  successfully  defending  hsetf  while  penetrating  this  weapons  environmoit  to 
complete  its  tasks.  Spedfically,  these  threats  indude: 

a.  air  and  surface  launched  anti-sh^  missiles  wifri  all  cat^ories  of 
sophisticated  homing  techniques; 

b.  surface  and  submarine  laundied  torpedoes  in  shallow  water  engaganmts; 

c.  wators  mined  with  all  varieties  of  mines; 

d.  small  and  medium  caliber  gunfire  from  coastal  patrol  craft; 

e.  biological  and  chemical  agents; 

f.  attempted  boarding  by  detomined  and  professional  forces. 

Third-world  lutions  have  possessed  and  used  many  of  the  above  listed  weapons  and 
techniques  with  increasing  frequency  over  the  past  twenty-five  years. 

3.  Shortcominp  of  Existing  Systoas. 

To  support  the  Navy's  mission  against  the  threats  enumerated  in  Sections  II.B.1 
and  n.B.2,  the  present  inventory  of  U.S.  Navy  dnps  and  ship  acquisition  sdiedule  is  too 
costly  considering  the  drastically  reduced  defense  budget.  Present  dnps  in  the  invemcHy 
are  other  over  designed  to  meet  conventional  aq)ects  of  foe  above  threat,  and  tlnu  too 
expenrive  to  soul  into  such  an  unconventionaT  environment,  (h*  lade  the  fundamental 
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aq>abilities  to  engage  or  survive  encounters  with  the  specific  threat  cathodes  listed  in 
Section  n.B.2.  Specifically,  no  ship  in  the  curroit  inventory  will  efifectivdiy; 

(a)  conduct  shallow  water  ASW; 

(b)  support  the  variety  of  aircraft  associated  with  joint/coalition  style  force 
structures; 

(c)  transfer  (lund-ofT)  AAW  self-defoise  information  between  own-ship 
systems;  or 

(d)  remain  in  a  high  readiness  condition  for  a  prolonged  period  widiout  crew 
performance  degradation. 

Additionally,  since  pre-attack  threat  recognition  is  nearly  impossible  and 
defensive  reaction  time  is  exceedingly  diort  during  hostile  encounters  in  congested  coastal 
waters,  the  probability  of  a  hh  is  high.  The  present  ship  candidates  available  to  meet  the 
mission  needs  have  inadequate  self-defense  and  survivability  features. 

4.  Range  of  Capabilities  Desired. 

The  RDS  2010  shall  provide  the  foUovdng  capabilities: 

a.  sustain  a  six  month  forward  deployment  with  a  two  week  replenishment 
interval; 

b.  completely  integrated  shipboard  combat  system; 

c.  AAW  self  defense  against  limited  intensity/duration  attacks; 

d.  ASUW  against  diird  woild  surface  naval  forces; 

e.  ASW  in  deep  and  shallow  wato*  utiiile  employed  indq>endently; 

f.  support  an:q>hibious  assaults; 

g.  attack  high  value  land  based  military  targets  (both  coastal  and  intoior); 

h.  receive  real  time  targeting  information  from  diverse  sources; 

i.  intadict  contraband  carrying  ships; 

j.  operate  in  mine  infested  watm; 
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k. 


n^idly  configunble  system  for  interoperability  with  joint/coalition 
forces; 

l.  operate  at  highest  readiness  condition  for  two  wedcs  at  a  tune; 

m.  operate  in  chemical,  biological,  and  radiological  envirmunents; 

n.  q>erate  in  all  oceans,  less  polar,  in  at  least  sea  state  five; 

o.  transit  all  major  conmiercial  shipping  canals  and  waterways; 

p.  maximum  q>eedof25  knots  for  85  hours; 

q.  oidurance:  4000  nautical  miles  at  16  knots,  followed  by  20  days  on 
station  at  8  knots  with  a  400  nautical  mile  wididrawal  distance  at  6  knots; 

r.  projected  lifetime  of  40  years; 

s.  low  signatures  to  avoid  being  detected,  targeted  or  hit  (enhance  decq>tion 
effectiveness.; 

t.  have  q)eciai  features  to  enhance  the  ability  to  fight  hurt; 

u.  shock  qualification  required; 

V.  semiautomatic  intelligent  damage  control  system  widi  remote  sensors; 
w.  support  short  duration,  covert  operations; 

X.  incorporate  an  q)propriate  SSES; 

y .  8iq>port  flight  operations  of  non-assigned  joint  forces  helicopters; 

z.  carry  a  surgeon  and  have  operating  room  facilities. 

5.  General  Affordabiity  Limits. 

The  acquisition  cost  of  RDS  2010  will  not  exceed  500  million  dollars. 

6.  Platforms/Qaantities. 

Approxiinatdy  10  ships  will  be  built. 

7.  Integrated  Logistics  Support  (ILS). 

Two  k^  ftctors  drive  the  required  maintenance  support  for  this  class  of 
ship;  (1)  forward  based  maintenance  assets  are  not  antidpated,  and  (2)  leng%, 
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iiKlq)endent  operations  remote  from  other  naval  assets  are  anddpated.  Therefore, 
incorporated  into  the  ship  design  will  be  the  following  ILS  features: 

a.  Built-In-Test-And-Evaluation  (BITE)  capability  in  all  weapons,  sensors, 
communications,  and  supporting  vital  equipment;  Automated  Test  and  Evaluation  (ATE) 
capability  to  troubledioot  and  frnilt  isolate  to  rq>laceable  conqKments  all  ronovable  and 
rq>airable  circuit  card  assembli^;  adequate  manning  and  facilities  to  siq>port  micro¬ 
miniature  component  repair, 

b.  phased  maintenance  concept  with  a  IS  year  overiuuil  cycle  for  major 
system  upgrades; 

c.  modular  design  of  weapons,  smsors  and  communications  systems  to 
facilitate  system  upgrades; 

d.  arrangement  of  machinery  and  equipment,  including  shippingAmdiipping 
paths,  to  ease  the  change-out  of  equipment  components  and  minimize  adjacent  system 
interference  ripout  (this  facilitates  at  sea  replacement  and  Tq[>air  and  lowers  regular 
maintenance  availability  costs); 

e.  commonality  of  components  for  all  ship  systems,  unless  a  significant  loss 
of  system  performance  would  result; 

f.  automated  conqwnent  monitoring  system  in  the  oigineering  spaces  to  aid 
in  phased  maintenance  planning  and  to  minimize  oigineering  watchstanders; 

g.  manning  not  to  exceed  173. 

S  Mated  Efforts. 

TASM  capability  will  continue  to  be  availaUe.  To  support  the  maintenance 
needs  of  this  class,  a  fr)rward  dq}loyable  tender  capability  will  be  maintained. 


II 


Summay: 

This  requirements  document  kicks  off  the  actual  ship  design  process.  These 
requirements  are  translated  into  desired  operational  capabilities  which  form  the  backbone 
of  the  ship  deagn.  The  ability  of  the  slup  to  perform  these  operational  capabilities  is  a 
nuyor  judge  of  ship  performance  to  deagn  guiddines.  The  Required  Opotttional 
Capabilities  are  included  in  the  next  section. 
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C.  REQUIRED  OPERATIONAL  CAPABILITIES 

Based  upon  the  Range  Of  Capabilities  Dewed  (Section  n.B.4),  the  following  primaiy 
and  secondary  Required  Operational  Capabilities  (ROCs)  and  design  requiranents  are 
delineated; 

1.  Primary  ROCs 

a.  AAW  self  defense  against  limited  intensity/duration  attacks 

b.  ASUW  against  third  world  surface  naval  forces 

c.  ASW  in  deep  and  shallow  watCT  ^ile  employed  independently 

d.  rapidly  configurable  C^  system  for  interoperability  with  joint/coalition 
forces 

e.  receive  real  time  targeting  information  from  diverse  sources 

f.  operate  in  chemical,  biological,  and  radiological  environments 

g.  operate  in  all  oceans,  less  polar,  in  at  least  sea  state  five 

h.  attack  high  value  land  based  military  targets  (both  coastal  and  interior) 

2.  Secondary  ROCs 

a.  support  amphibious  assaults 

b.  interdiction  of  contraband  carrying  ships 

c.  support  short-duration  covert  operations 

d.  incorporate  an  appropriate  SSES 

3.  Primary  Design  Requirements 

a.  operate  in  mine  infested  waters 

b.  sustain  a  six  month  forward  deployment  with  a  two  week  replenishment 
interval 

c.  completely  integrated  shipboard  combat  system 

d.  operate  at  highest  readiness  condition  for  two  weeks  at  a  time 

e.  operate  in  chemical,  biological,  and  radiological  environments 
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f.  operate  in  ail  oceans,  less  polar,  in  at  least  sea  state  five 

g.  transit  all  major  commercial  dipping  canals  and  waterways 

h.  maximum  speed  of  25  knots  for  85  hours 

i.  endurance;  4000  nautical  miles  at  16  knots,  followed  by  20  days  on 
station  at  8  knots  with  a  400  nautical  mile  withdrawal  distance  at  6  knots 

j.  have  special  features  to  enhance  the  ability  to  fight  hurt 

k.  semiautomatic  intelligait  damage  control  system  widi  ronote  sensors 

l.  carry  a  surgeon  and  have  operating  room  facilities 
4.  Secondary  Design  Requirements 

a.  projected  lifetime  of  40  years 

b.  low  signatures  to  enhance  deception  effectiveness 

c.  ^ock  qualification  required 

d.  siq>port  flight  operations  of  non-assigned  joint  forces  helicopters 

Table  2-1  shows  the  primary  reqtured  opoational  ciqrabUities  qrplicable  to  this 
ship  as  taken  from  standard  Navy  ROC  definitions. 
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Table  2-1.  Primary  Required  C^eratiqnal  Capabilities. 


ANTI>AlRWAItFAItE(AA'W)-  TV  A*ni<1icii  or  atutnUiaitfeB  of  nwy  ik  ptetfonBi  tad  akbonw  w—pow,  Iwidied  from 

Mr.iutftc«.iuhn&ct.flf 

AAW«  track  air  targrti. 

AAW6J  rinnniTilTii|frl>iiiiifl}-iMif  n— ]  ^  — y»- - - — ■= - p— — ‘  -p — - 

AAW6J  MaialakiaceHntoairploL 
AAW(.4  McMunakcraftakiliidcwilhradra. 

AAW6.5  l>ilMl,iABltiyaad  track  air  Iragili  with  radar. 

AAW(.(  Aequmind  track  •«  targets  wkhgrafiraaadaiiraikoaaMliyMcBia. 

AAW6.9  CcndBctradM'igproaclMsfafaBtbirkadaircraA 
AAW6.*  Datact  and  track  air  targsliiMthaaiBftaradaaBMr. 

AAW9  Engage  airkoniattraataiiaiBgaurfiMntiHMranBaBMnt 

AAW9.1  EiigagilM|>ii|>aad.niad/langiangiairhawatlBaaaa  with  iwed^wig  range  iniaailaa. 

AAW9J  Engage  hiwaitiiudathcaali%wthiniaailaa  and  gtnfira. 

AAW9.4  Engage  low^Bindiiiiii/liiihaltitudaaiihonietlnaataiiwthgMnfira. 

AAW9.7  Engage  airhowiathaantainingpnrtaWrninaaaiyatniia 

ANTI-SURFACE  miP  WARFARE  (ASUW)i  The  daatrnotknwnetnraliatknafancniyaurftcacraiihataiat  and  merchant  Aipc. 
ASUI  Engage  sutAoe  threats  with  anli-aurftcsaniianianls. 

ASUI.l  Engage  autAMdii|»  with  long  range  ctuiaeniaiilas. 

ASU  1.2  Engage  aurftceah^  with  medium  range  cmneniieeilea, 

ASUI.4  Engage  aueftoeahi^  with  major  calgiergmfite. 

ASU  1.6  Engage  aurftMahiiiaunth  minor  caliber  gunfire. 

ASU  1.9  Engage  autlaoeahiiia  with  amall  arms  pmfirc. 

ASU4  Detect,  identify,  localne.  and  track  autfiwcAip  targets. 

ASU4.1  Detect,  localin  and  track  aurftcecemacU  with  radar. 

ASU4.2  Detect,  identify,  and  track  surfiweoontacta  visually. 

ASU4.5  Datact.  identify,  and  track  autftoeooalacta  with  icAaredaqiuipncnL 
ASU4.6  Detect,  identify,  and  track  aurftceoonlacts  by  ESM. 

ASU  4.7  Identify  aurfiwcoonlacta. 

ASU  6  Disengage,  evade;  and  avoid  aurfaoe  attack. 

ASU  6.1  Employ  oountetmeaaurea. 

ASU6.2  Employ  cvaaianledaiM|uca. 

ASU6.3  Employ  EMamprooedutaa. 

ANTI-SUBMARINE  WARFARE  (ASW).  The  destruction  or  neutralizatiao  of  cncniynibmatiaes. 

ASWS  lYovide  for  air  operatiooi  in  support  of  anhomeanlMubmarineopcraliom. 

ASW3.I  Launch  rotary  wing  aircraft  involved  in  antMubmarine  operations. 

ASW3.2  Recover  lotaiy  wing  aircraft  hivotved  in  antwbmarine  operations. 

ASWS.4  novide  requited  conventional  orAumce  to  suppoctanli'aidanarineopetatioiK. 

ASW3.6  Comhictopcraliom  during  all  EMCONoomfitioin. 

ASW3.7  LoadAnloadordhHmoe  compatible  with  required  aircraft  turaarormd  times. 

ASW  7  Engage  submarines  with  aniMibinatine  aimantent 
ASW7.2  Attack  with  ASROC. 

ASW  7.4  Attack  with  mortar/depth  charges 

ASW  8  Disengage,  evade;  avoid  and  deceive  auhmacinea. 

ASW8.1  Employ  torpedo  counlenneasurm  and  evasiootedniiqiwe 
ASW8J  Emjdoy  acoustic  oountcrmcaaureaagainataubmarinca. 

MOBILITY  (MOB).  The  ability  ofNavallbrom  to  move  and  maintain  fiicmaelvee  in  all  skuatiom  over,  under,  or  upon  the  aur&ce. 
MOBl  Staem  to  design  capability  and  in  the  moat  firdefficienlmannar. 

MOB  1.1  Steam  at  ftiU  power. 

MOB  1.2  Steam  with  a^  plant  operationB. 

MOB  1.7  Ttanak  at  hi^  speed. 

MOB  3  hevent  and  ceetrol  damage. 

MOB3.1  Coetrol  floodmg,  doctricil,  rtructural.  propuliion,  end  huU/agfieme  caeualties. 

MOB3.2  Counter  and  oomroICBRonntaeiunaHta/agetge 
MOB  3.3  Maintain  security  againat  unfriendly  acta 
MOB3.3  Ftovide  damage  oatmolaecurifyAutvcillaaoa 
MOB7  Ferfarmaeamamhip.airmainhip,andnavigmiontaeka 

MOB7.1  Navigate  under  all  condkiooaofgeograpliic  location,  weather,  and  viatbilily. 

MOB  7.2  Conduct  preciaion  anchoring 

MOB7J  Get  underway,  moor,  anchor,  and  sortie  with  duty  saction  in  a  safe  manner. 

UOBTA  Abandonteuttleehiprapidfy. 

MOB7.7  BrovidelifaboalkaftcaiwcityinaeootdanocwitfauaiOallowanoe. 

MOB  7.13  Operate  in  chemically  oordaminaled  cnvironmanL 
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MOB  10  KtylwWiiHw. 

MOB  10.1  Ktcdv  vwtical  rrpliMiweiil. 

MOB  10.3  R«G«iv«  Aid  idiitt  ladtraiay  (»tony^  awOiod). 

MOB  10.3  IUcdv«  MUniltoni  id  ptookiooi  wfatto  underway 
MOB  10.0  RcodvcIbdMiMblMdtriMyCMicniiiidliad). 

MOB  13  MdirtdallMliMliiindwdMidi«orilMoraw. 

MOB  13.1  Eiwmw  iB  plwMi  cf  fcoJ  wtvto  o^wdlaai  tn  caidurtij  ra«dd«wl  idtli  apfreowl  tmiUty  pneiAHm  mti 

dMiAwfc. 

MOBI3.3 

dmdM*. 

MOB  13.3  Mdntaiii  Ac  cnviranmnl  to  cMim  Ac  pratodiaa  cf  pcwewml  Rem  ovcrnqiacM*  to  hMCfAwc  Irwtc  oT 
ndtolkii^  Icmpcnlim,  Noicc,  vArtomi.  mM  toxic  wbclaiiccc  pcrcuncnl  indnictioML 
MOBI3.3  Monitor  to  CMWe  Ad  hcbkcbilityiceeMfaUnlwiAiliptpvcdlMbiteMliqrpNocdMncaiddMdirA. 

MOBI3.6  EimitccpctdioncidnicinlcncnccofcWphccccof Aipbccrdcnvironmcnlclprotodioniydcwidonotcrcdcc 
hccIA  hudd  cmI  cm  ooniidrd  idA  oAcr  nevd  dbedivM  perteWnf  to  Ac  prevedion  of  poUdtonicf  Ac 


STRIKE  WARFARE  (STW).  Snpport  Sm  dedrodion  or  ncdnlixdian  of  meny  Icrfcli  ccbcrc  Arowifi  Ac  nee  of  coiivcwUoiid 
wccponc. 

STW3  wiftilf  ilriliM  InrfipMMiMity  ac  in  wufpai  oTnliMrilrikn  IbfcM. 

8TW3.3  SupporltoonAidconvcnUoncllyinncd  entice  mii^clrikcc. 

COMMAND,  CONTROL  AND  COMMUNICATIONS  (CCC).  frevidtot  oanemniediaM  Mid  idded  faeitkiM  Ibr  coordindioii  and 
codrol  of  cxtomal  orpMiizdianc  or  fineca  and  oodrol  of  unifi  own  bdikica 
CCC3  Provide  own  unMIi  oomniiiMi  owl  oontfol  fbnetiont. 

CCC  3.1  Maintain  a  CIC  ecpaUc  of  eollactini.  proccMing.  dnplayint.  cvalualin^  and  diacminding  ladical 
Infetmaliow. 

CCC  3.3  Provide  dl  ncnicicry  peraennei  aervieca,  pregcnic.  and  facilhkc  to  ialc|^ird  dcMilicd  malcrial  and 
idbrmatien. 

CCC3.4  Carry  ed  emergency  dedmdion  of  dannlicdnialtor  and  equipmed  rapidly  and  cflidently. 

CCC  3.3  Employ  Idedifiealioo  Friend  or  Foe/Sdedive  IdediTicdioo  Fedure  (IFF/SIF)  eecnre  IFF  mode  4. 

CCC3.<  Coordinde  and  eodrolAeoperdioa  of  remotely  pilotodvchiclee. 

CCC  3.S  EelaUiali  voice  cemmimiediene  wNh  US.  Marine  Corpe  (USMC)  evacuation  and  command  nete  and  Navd 
Support  Activity  (NSA)  nel 

CCC4  Maidain  Navy  Tactical  Data  ^cm(NTDS)  or  data  Hnlccapabitity. 

CCC4.3  TrarMndtAaodvoaodaupportLifllc  II. 

CCC4.S  Reedve  and  proceaa  data  Knlc  informatioo  from  Satdiite  Communication  (SATCOM). 

CCC4.d  Reedve  and  prooem  data  UdEMormation  from  High  Frequency  (IIF)aydcnw. 

CCC  4.7  Rcodve  link  14  infimndioiL 

CCC4.I0  TrawmitAecdve  and  correlate  targeting  informatioo  wMi  Lhdc  4A. 

CCC  6  Provide  Communkalione  Ibr  own  unit 

CCCd.3  Provide  viaudeommuniGdianB. 

CCC(.3  hovidemulli<hanndGrypto9apliically  covered  telelypeaend  and  reedve  dreuita. 

CCC  6.4  ftovide  uncovered  Radto-TeMypatCoiilinuoua  Wave  Gcmmunicationc. 

CCC6.S  hovide  All  dkqdexerypfavnphically  covered  IV  teletype  dreuita. 

CCC6.I0  ftovide  voieeAdetypeteomputer  data  etyptoyapliically  covered  aatdlitecommunicdioocircuito. 

CCC6.II  Eatoblitli  and  provide  fixed  combdconurnuiicationa  and  relay  nipporl  for  NSW  operationa. 

CCC  6.13  ftovide  intemd  conctnuiicdiona  ayatema. 

CCC6.I6  Provide  tactical,  aecure,  anti-jam  Ultra-Higli  Frequency  (UlIF)  voice  ccmmunicatioiie. 

CCC  6.18  Dovide  tactical,  aecure,  anti-jam  HF  voice  oommuniedionB. 

CCC6.I9  Aovide  tactical,  aecure  voice  or  data  eommunicationc. 

CCC6.30  ftovide  internal  Ship  SipidE)qiloitdionSydem(SSES)communicatioHeaydent. 


111.  INITUL  DESIGN  DECISIONS 


At  this  point  in  the  design  process,  several  elenients  must  essentially  come  together 
simultaneously.  First,  based  upon  the  capabilities  that  this  ^p  must  possess  and  the 
political  factors  addressed  in  the  requirements  section,  a  prioritized  listing  of  factors  must 
be  developed  to  aid  the  design  team  in  the  tradeoff  and  decision  making  process.  This 
collection  of  priorities  is  known  as  the  design  philosophy. 

While  developing  the  derign  philosophy,  initial  thought  is  occurring  on  the  types  of 
technology  and  elements  that  we  believe  need  to  be  placed  on  the  ship  to  meet  the 
aggregate  of  capabilities  desired.  This  process  includes  drawing  from  the  design  team's 
experience  base,  researching  design  innovations  in  the  literature,  and  examining  existing 
equipment  that  may  be  suitable  for  inclusion  on  this  ship.  Some  of  the  design  innovations 
considered/desired  are  included  in  section  two  of  this  chapter. 

This  process  culminates  in  the  development  of  an  element  selection  list,  which  is 
included  in  the  third  section  of  this  chapter.  The  items  on  the  element  selection  list  are 
then  examined,  weighted,  and  judged  to  deternune  the  dements  that  we  believe  will  be 
most  suitable  for  this  ship  design.  It  is  not  until  after  further  i^tages  of  design  effort  that  ail 
of  the  elements  can  be  deemed  feasible. 

A.  DESIGN  PHILOSOPHY 

This  design  philosophy  provides  a  prioritized  listing  of  factors  used  in  guiding  design 
tradeoff  decisions  during  all  phases  of  the  RDS-2010  design  process.  The  fiictors  sdected 
and  their  relative  wdghting  were  governed  by  the  Requirements  Document  for  RDS-2010 
(Section  II.B). 

This  design  philosophy  is  intended  for  use  exclusivdy  by  members  of  the  RDS-2010 
design  team  in  determining  tradeoffs  and  sdections  of  design  alternatives.  Other  uses  or 

applications  of  this  document  are  beyond  the  scope  of  its  intent. 
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Specifically,  the  Range  of  CapabiliUcs  Desired  and  General  AflordabiUty  Lfanhs 
(Sections  II.B.4  and  I1.B.5),  lead  to  the  following  list  of  prioritized  factors: 

1.  Cost,  Acquisition 

2.  Combat  System,  Defensive 

3.  Vulnerability 

4.  Manning  Reduction 

5.  Combat  Capability,  Offensive 

6.  R,  M  &  A 

7.  Appeanmee 

8.  Sigruiture/Detectability  Reduction 

9.  Standardization 

10.  Upgradability 

11.  Sustainability 

12.  Environmental  Impact 

13.  Future  Growth 

14.  Habitability 

Discussion: 

(1)  Cost,  Acquisition  -  this  factor  ranked  number  one  due  to  the  severe 
budgetary  constraints  this  ship  must  be  designed  and  built  under.  Failure  to  account 
adequately  for  cost  savings  as  a  prime  objective  will  most  probably  kill  this  project 
during  the  DOD  and  congressional  ^proval  levels  of  review.  Cost  is  listed  explicitly 
instead  of  some  indirect  parameters  sudt  as  length,  beam,  draft,  or  di^lacement  since 
cost  control  is  the  factor  actually  desired.  Some  may  regard  placing  of  the  cost  factor 
ahead  of  a  military  capability  such  as  def«isive  systems  as  untenable,  but  it  merely 
recognizes  the  reality  of  the  current  environment. 
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(2)  Combat  System,  Drfensive  -  also  known  as  hard  and  soA  kill  capability, 
this  feature  addresses  one  portion  of  the  susceptibility  equation.  The  ability  to  defeat  an 
incoming  threat  is  of  paramount  importance  for  decreasing  the  vulnerability  of  this  ship. 
This  capability  should  be  considered  essentially  equal  with  cost  reduction  in  importance. 

(3)  Minimizing  Vulnerability  -  once  the  ^ip  is  hit,  minimizing  this  ship's 
vulnerability  ranks  high  in  importance  due  to  the  ship's  mission  requirements.  Operating 
close  ashore  in  unstable  world  regions  greatly  increases  the  likelihood  of  unexpected, 
close  aboard  attack. 

(4)  Manning  Reduction  -  in  concert  with  minimizing  ship's  vulnerability  and 
reducing  acquisition  cost,  adequate  consideration  will  be  placed  on  minimizing  ship's 
manning  consistent  with  mission  needs,  available  technology  and  damage  control 
requirements.  Manning  reduction  is  primarily  achieved  through  automation  of  functions 
in  all  aspects  of  ship  operations  including  ship  control,  engineering  plant  operations,  and 
war  fighting  operations.  Design  decisions  to  automate  functions  to  reduce  manning 
requirements  will  reduce  vulnerability  if  all  aspects  of  the  vulnerability  equation  are 
properly  taken  into  account.  The  largest  counter  point  to  reduced  ship's  manning  is  the 
impact  on  damage  control  capability.  Present  design  and  practice  makes  damage  control 
operations  100%  manual  (hence,  manpower  intensive).  Failure  of  current  ship  designs  to 
take  advantage  of  the  technological  innovations  which  could  supplant  or  enhance  the 
requirement  for  a  crew  member  involvement  in  damage  control  operations  may  prove  to 
be  as  significant  a  driver  on  crew  size  as  watch,  quarter,  and  station  bill  requirements. 
The  salient  point  remains  that  merely  automating  operating  stations  and  maintenance 
functions  will  not  necessarily  alleviate  the  crew  requirement  if  active  measures  are  not 
taken  to  address  the  requirements  driven  by  damage  control  teams  and  damage  control 
concepts. 
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(5)  Cffensive  Combat  Capability  -  the  RDS-2010  is  not  a  miyor  ofTensive 
strike  platform,  though  any  offensive  capability  which  enhances  the  utility  of  the  ship 
above  and  beyond  the  ship's  tactical  land  strike  mission  requironents  commensurate  with 
the  previous  factors  should  receive  considmtion. 

(6)  RelUUtility,  Maintainability,  and  Availability  (R,  MAA)  -  these  design 
attributes  are  considered  more  important  than  the  related  areas  of  standardization, 
upgradability  and  sustainability,  due  to  dieir  impact  on  ship  mission  attainment  and 
synergistic  impact  on  manning  reduction.  Specifically,  this  ship's  requirement  to  operate 
independently  for  sustained  periods  of  time  (no  external  maintenance  support)  make  the 
reliability,  maintainability,  and  availability  of  ship's  equipment  paramount. 

(7)  Appearance  >  the  requirement  of  this  ship  to  "show  the  flag"  and  perform 
the  role  of  "presence  projection"  make  design  decisions  affecting  ship  appearance  a 
moderate  attribute  to  be  considered.  Strong  consideration  should  be  made  for  design 
attributes  which  improve  the  "war  fighting"  appearance  of  the  ship  without  excessive 
negative  impact  on  the  previous  factors. 

(8)  Signature/Detectibility  Reduction  >  ranked  considerably  lower  than  the 
other  half  of  the  susceptibility  equation  (defensive  capability),  these  design  features  are 
not  as  important  when  taken  in  context  with  the  ship's  mission  and  probable  operating 
theaters.  Any  design  attributes  which  improve  this  factor  without  impacting  previous 
factors  should  be  considered,  however. 

(9)  Standardization  of  shipboard  components  -  since  these  features  tend  to 
drive  up  design  and  acquisition  costs  with  little  improvement  in  capability,  diis  is  not 
ranked  high.  This  is  a  desirable  attribute  in  cases  where  it  can  be  obtained  without 
disproportionate  costs  increases  or  in  cases  where  it  would  dramatically  improve  aq>ects 
ofR,M,&  A. 
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(10)  UpgradfUfiUty  -  this  factor  which  is  the  ease  of  implementing 
improvements  to  existing  systems  is  driven  by  accessibility  and  die  system  architecture. 
It  is  desirable  but  not  enhancing  to  the  diip's  mission. 

{\\)  Sustainability  -  enhancement  above  baseline  design  requirements  for 
ship's  sustainability  should  only  be  considered  if  they  do  not  negatively  impact  previous 
factors. 

(12)  Environmental  Impact  -  enhancements  beyond  regulatory  requirements 
are  of  lesser  importance  than  other  factors. 

(13)  Future  Growth  -  design  attributes  that  enhance  the  ease  and  capability  for 
addition  of  new  systems  impacts  original  system  architecture  and  architectural  design 
margins.  This  capability  is  not  considered  important  in  view  of  the  ship's  small  size  and 
mission. 

(14)  Habitability  -  embellishment  of  ship's  living  spaces  are  inconsistent  with 
mission  requirements  and  stated  design  goats  of  deceased  vulnerability  and  increased 
R,  M,  &  A.  Embellishments  include  features  such  as  false  bulkheads  and  overheads,  wall 
and  floor  coverings  chosen  for  cosmetic  purposes  and  any  other  features  which  would 
enhance  the  spread  of  Are,  toxicity  of  smoke,  impede  or  obscure  access  to  equipment, 
cabling,  ventilation  ducting,  piping  or  other  ship's  systems.  Aqiects  of  habitability  which 
would  benefit  crew  morale  should  be  considered  and  primarily  include  the  allocation  of 
adequate  living  space  for  each  individual  and  the  capability  of  the  individual  to  control 
the  environment  of  their  living  space. 
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B.  €X)NCEPTIONS  AND  INNOVATIONS 


During  the  eariy  phases  of  any  desi^  process  there  are  nuuiy  ideas  whidi  are 
considered.  The  length  of  consideration  nmy  be  iunited  to  a  few  seconds  or  it  may  be 
extended  through  long  discussions  while  determining  what  must  be  incorporated  into  the 
design.  This  section  addresses  some  major  ideas  which  the  design  team  considered  worthy 
of  inclurion.  The  absence  of  a  particular  Kern  from  this  section  does  not  necessarily  mean 
that  it  was  overlooked  or  deemed  unimportant.  While  some  concepts  were  environed  and 
dwelt  on  at  great  length,  time  and  resources  did  not  always  permit  the  effort  to  proceed  to 
as  detailed  level  as  would  have  occurred  in  industry. 

I .  TOTAL  SHIP  INNOVATIONS 

Extensive  use  of  computers  throughout  the  ship  will  smooth  the  flow  of  data 
and  information  and  automate  many  low  level  routine  tasks.  Personnel  will  serve  in  a 
supervisory  role  to  monitor  the  "system".  Multi-purpose  interface  consoles  will  be  used  to 
the  maximum  extent  possible  in  all  system  interface  capacities.  These  would  include  a 
software  driven  interface  with  touch  sensitive  screens.  Essentially,  any  system  function  will 
be  available  from  any  interfrtce  terminal  with  appropriate  access  control.  This  allows  for 
easy  system  upgrade  without  requiring  changes  in  hardware  consoles  and  associated 
interface  cabling. 

Ship  maneuvering  functions  will  be  controlled  automatically.  Tracks  will  be 
entered  at  the  navigation  console  and  controlled  through  an  auto  pilot.  The  auto  pilot  will 
be  linked  to  the  combat  system  for  proactive  ddensive  maneuvers  and  collision  avoidance. 
Roll  stabilization  can  also  be  incorporated  through  the  use  of  the  rudder. 

A  survivability  management  syston  will  be  used  to  smartly  reconfigure  systems 
in  anticipation  of  a  weapon  hit  and  provide  proactive  damage  control  to  minimize  the 
spread  of  secondary  damage. 
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2.  COMBAT  SYSTEM  INNOVATIONS 

The  ship's  radar  cross  section  is  critical  to  the  performance  of  the  riiip's 
defensive  posture.  The  use  of  signature  reduction  technology  in  designing  the  ship's 
structure  will  significantly  reduce  detection  ranges  by  redirecting  incident  energy  away 
fi^om  the  source.  This  enhances  the  effectiveness  of  decoys  thus  reducing  susceptibility.  As 
designers  we  can  incorporate  these  ideas  into  our  design  by  canting  the  ship's  structure  and 
providing  storage  compartments  flush  with  the  superstructure  to  remove  topride  clutter. 

We  envision  a  completely  integrated  combat  system  which  includes  all  warfare 
areas.  Each  piece  of  equipment  will  be  connected  through  a  redundant,  fiber  optic  multi¬ 
ring  data  bus.  This  will  centralize  information  flow  allowing  any  system  to  easily  access  the 
appropriate  data  on  the  bus.  This  will  greatly  improve  the  flexibility,  survivability  and 
upgradability  of  the  system. 

A  Built-In  Test  and  Evaluation  module  will  be  installed  in  every  system  to  aid  in 
minimizing  system  down  time  caused  by  failures  and  damage  to  system  components.  This 
would  interface  with  another  higher  level  system  module,  and  by  using  System  Readiness 
Logic  provide  up-to-date  ^em  status  to  opmtors.  This  would  also  provide  a  means  to 
reconfigure  the  system  for  maximum  combat  readiness  as  required  by  tactical  situations 
and  doctrine  planned  into  the  software. 

This  ship  has  an  expected  life  of  40  years.  Historically,  combat  systems  have 
been  replaced  every  decade.  Modular  system  design  vrill  be  emphasized  for  ease  of 
replacement,  interface  compatibility  and  for  reduction  in  the  cost  associated  with 
overhauls. 

3.  AFFORDABILITY  FEATURES 

Affordability  was  at  the  top  of  our  design  philosophy.  Although  production  cost 
is  only  a  small  percentage  of  the  overall  acquisition  cost,  advanced  production  concepts 
will  be  used  to  achieve  cost  savings.  This  can  be  accomplished  by  reducing  the  cross 
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boundary  interfiice  between  production  modules  and  minimizing  the  use  of  con^XHind 
curvature  requirements  in  steel  work.  Building  zones  need  to  be  established  early  on  so 
that  the  ship  can  also  be  built  more  efficiently. 

In  order  to  improve  ship  readiness  for  lengthy  depbyments  we  must  improve  the 
current  maintenance  philosophy.  Designing  this  ship  for  a  15  year  overhaul  cycle  and 
incorporating  condition  based  maintenance  should  reduce  system  down  time  on  patrol  and 
improve  operability.  This  statistically  based  replacement  program  will  be  accompanied  by 
various  new  test  methods  in  order  to  overcome  some  of  the  pitfalls  experienced  by  the 
current  generation  of  preventive  maintenance.  This  process  may  incur  a  higher  ship 
acquisition  cost  but  will  be  significantly  off^  by  a  reduced  life  cycle  cost. 
Standardization  of  components  will  also  synergistically  benefit  the  total  ship  through 
greater  availability  of  parts  and  the  requiranent  to  stock  fewer  parts. 

4.  SURVIVABILITY  FEATURES 

Survivability  features  are  integral  to  this  design.  The  standard  concepts 
considered  to  reduce  the  ship's  susceptibility  to  a  weapon's  hit  are  threat  warning,  noise 
jamming  and  deception,  signature  reduction,  threat  suppression,  use  of  expendables,  and 
equipment  to  support  the  use  of  tactics.  The  standard  concepts  considered  to  reduce  the 
ship's  vulnerability  are  component  redundancy  or  dimination,  component  location  and/or 
shielding,  passive  damage  suppression,  and  active  damage  control.  Reduced  manning  also 
lowers  the  likelihood  of  casuahies  and  reduces  vulnerability.  While  manning  reductions 
require  additional  acquisition  investment  for  automation,  there  is  a  tignificant  reduction  in 
life-cycle  cost  associated  with  personnd.  Designing  with  redundancy,  the  equipment 
capable  of  performing  the  same  task,  and  endaving  together  all  equipment  necessary  for 
proper  operation  of  that  system  will  improve  the  damage  tolerance  of  tius  design.  This  will 
be  discussed  in  greater  detail  later. 
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A  double  hull  design  concept  has  great  merit  for  the  shell  of  this  ship.  The 
primary  purpose  of  using  a  double  hull  is  to  reduce  vulnerability.  The  significant  addition 
of  reserve  buoyancy  improves  tiM  ability  to  "FIGHT  HURT".  The  inherent  strength  in  the 
double  hull  design  allowrs  for  reduced  scantlings  due  to  the  higher  section  modulus, 
thereby  reducing  cost.  The  between  skin  distance  will  accommodate  the  latest  in 
programmable  wdding  technologies  and  provide  for  ease  of  inspection  and  nuuntenance. 

5.  PROPULSION  PLANT  VISION 

From  the  results  of  several  studies  that  have  been  done  on  modem  propulsion 
systems,  we  determined  that  the  Integrated  Electric  Drive  was  superior  from  the 
perspective  of  survivability,  reduction  in  total  weight  of  the  propulsion  system,  and  ease  of 
arrangement.  The  flexibility  associated  with  arrangements  would  also  reduce  the 
vulnerability  of  the  propulsion  system.  Since  shallow  water  operations  pose  a  higher 
likelihood  of  propeller  damage,  a  controllable  reversible  pitch  propeller  is  not  considered 
the  best  candidate.  The  integrated  electric  drive  combines  well  with  the  fixed  pitch 
propeller  because  each  reversible  propulsion  motor  has  a  fiill  range  of speed  control. 

Combined  diesel  electric  and  gas  turbine  propulsion  has  many  advantages  as 
well.  Although  the  specific  weight  and  volume  of  this  system  is  higher  than  a  conventional 
gas  turbine  system,  the  fiiel  efficiency  at  patrol  speeds  could  justify  consideration  due  to 
reduced  fuel  payload. 

6.  ELECTRIC  PLANT  VISION 

Using  today’s  technology  ship  service  dectric  power  can  be  generated  from  the 
variable  fi^uency  propulsion  generators  using  solid  state  power  converters.  This  power 
will  be  distributed  throughout  the  ship  using  a  ring  bus,  and  each  system  will  pro>nde  for 
its  own  specific  voltage  and  fi’equency  needs  from  the  main  power  grid.  Power 
management  will  be  controlled  automatically  with  snuut  load  shed  coordination  with  the 
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combat  qratem.  System  reconfiguration  due  to  d^raded  c^Mchy  will  be  performed 
automatically  tomaxnniae  avaiUMe  power  consistent  wiU)  the  ship's  tactical  situation. 

C  ELEMENT  SELECTION  OPTIONS 

Tdde  3-1  lists  the  element  selections  that  resulted  fimn  our  study  of  design 
innovations  and  available  equipment  for  inclusion  on  the  ship.  In  some  categories,  there 
are  multiple  choices  which  must  be  winnowed  out  durii^  the  early  phase  of  the  desi^ 
process.  Other  cat^ories  list  only  a  single  hem,  indicating  our  condusbn  that  this  hem  is 
required  for  inclusion  on  the  ship. 

Using  the  Element  Selection  List,  a  lengthy  search  was  conducted  for  data 
pertaining  to  the  specific  elements.  This  data,  when  available,  was  used  for  performing 
detailed  comparisons  of  functional  capabilities  and  physical  parameters.  Appendices  B  and 
C  contain  some  of  the  relevant  portions  of  that  study.  In  Appendix  B,  page  one,  the 
Payload  Sekction  Matrix  is  shown.  Hus  matrix  includes  all  of  the  elements  considered  by 
mission  warfare  area.  For  the  proposed  stup  there  are  several  cases  where  two  closdy 
related  alternatives  exist  for  some  of  the  dements  under  consideration.  Option  1  and 
Option  2  are  described  in  chart  form  for  a  quick  comparison.  In  rows  two  and  three  the 
elements  which  were  selected  based  on  the  various  decision  matrices  are  listed.  The 
pertinent  decision  matrices  vdiich  led  to  those  conclusions  are  induded  in  Appendix  C. 


Table  3-1.  Element  Selection  List. 


A.  HULL 

I.  Type 

*  Siasil^MMM 
k  DmMtAmtm0 
1  Cafcctht  Pwtectloa  Syitw 


&  MECHANICAL 


1. 

Plaattype 

A 

Diatttmgjbm 

A 

Gmtmrtbm 

e 

CmUmtAAkaaimmAgmilmrUm* 

A 

CmmMmA  AbsM  nr  gar  tarMne 

1 

ReJnetion  gear 

m. 

kttekmmkml  (mar^mg,  w/ebadA 

A 

Diract  tkafl  eamgU4 

A 

EtaemkAHw 

A 

MadumdaA  (mm-nMnlmg^ 

3. 

Prapciler 

A 

ymHmUapkdt 

A 

CornmOrnkU  mmAramdbkpktk 

C  ELBCntlCAL 

1.  Generator  tyttem 
m.  DUmH 
k  GmtImrUHe 
e  rnpmbltm  derived 
1  Dbtrlkntkni  tyitem 

3.  Power  numaaeamit  qrttem 

4.  Emeifcncy  power  lysteni 


D.  COMBAT  SYSTEMS 

1.  Detcction/tenMn 

«.  Ain  SPS-4t/4MFF,LtwtmAitt 
pEomferraf 

A  SmfmetsMrdK  SPS-67fmUfy 
e  fitscardk:  £4Jt-« 

A  ESM: 

e  SShmt  in^rntbiditmluMmii 
nmtte,  SQSS3  (itw  hmAg^ 


/  LAMKin 
§,  AtmaAr  Mtmft  WLM, 
SKS-t(CamUlDF) 
k  M2S  (TAS) 

I  KAS-I  (CBV19 

L  CooHMaS  onE  EccWon 

«  STDS(Umktt) 
k  WSA42SCMC 
e  ACDS 

3.  Syrtcni  hribnntion  raorElnotlon 
4l  lystcai  rrailnrit  coorStaotiott 

S.  Extenal  coanraakatloBs:  WQC, 

HP.  UHF.  VHP.  SATCOM.  JITDS.  JOTS 
k  Interior  coawBaaketlMM 

7.  Weapon  central 

n  IHk92FCS 
k  MkftFCS 
k  Navigation 

m.  Fmnma,  LN-66,  SPS^ 
k  GPS,SATNAV 
c  TACAN 
i.  WRN-S, 

9.  EagagenMaUweapoBi/coanterawaiare 
A  R4M, 

NSSM,  SM-I/2,  aiFSM  15, 
ConHeytr,  JMeiger  wtinilr  tarref 
A  Gmm:  5" -54  eai  45  gmm,  Mft 

54  TDT,  OTO  74mm  gm,  2Smm 
Ckmimgmm,  7.42mm  mM-gm 
c.  Tmrpadm:  SVTTMk52,m59 
A  D^tkekmrgetgum:  RBV/ 
HeAgekmgiApr^ 
c  Tummkmmk  HS/Hmpmm 
/  CM;  Il4k5t  AmMfimmtktr, 

SRBOC,LADCk4Br,S’’imdMAtemri 
g  AmA4mftA»  irfmMt:  Tmtb$mmm, 
Ntdt,NAE,Ai)C,CSA 
lA  ReMotc  vehicle  nttne  hmtei/avoMance 


.,.x’y>'ff.ns4«r. 
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The  second  page  of  the  Payload  Selection  Matrix  (Appendix  B)  includes 
all  of  the  elements  considered  by  equipment  categories.  Page  two  of  Appendix  B  contains 
all  equipments/systems  consido-ed  whereas  page  one  only  lists  those  associated  with  a 
specific  warfare  area.  This  step  of  the  process  addressed  the  elements,  but  not  the  quantity 
or  arrangement  of  them.  The  intent  is  to  det^mine  the  most  cost  effective  (dollars,  weight, 
area,  etc.),  yet  capable  equipment/system  to  meet  the  required  capabiliti^  as  ddineated  in 
the  CNO  Tentative  Requirement  Statement.  When  two  elemmts  under  consideration  had 
a  wide  host  of  utility  factors  for  comparison,  it  occasionally  seemed  appropriate  to  have  a 
second  alternative  based  on  factors  such  as  cost,  weight,  political  mood,  logistical 
commonality.  The  combat  system  dements  have  undergone  a  preliminary  threat  evaluation 
consisting  of  four  diverse  scenarios.  This  threat  evduation  is  presented  in  the  next  chapter 
as  part  of  the  Combat  System  Definition.  The  reasoning  for  the  decisions  which  were 
agreed  upon  by  the  design  team  are  described  below,  supported  by  Appendices  B  and  C. 

1.  HULL 

a.  DOUBLE  HULL  vs.  SINGLE  HULL 

Major  issues:  Passive  protection,  survivability,  displacement,  and  cost 
Minor  issues:  Ease  of  arrangement  and  producibility  (ease  of  fabrication) 
Proposed  is  the  advanced  double  hull  design  (ADHD)  concept  which 
consists  of  two  shells  connected  by  longitudinal  wd>  girders  and  floors.  Simply  put,  it  will 
resemble  the  corrugated  design  used  in  designing  high  toughness,  high  strength  cardboard 
boxes.  Transverse  frames  and  longitudinal  stiffeners  can  be  eliminated  because  of  the 
inherent  strength  achieved  by  the  cellular  coiwept.  Benefits  include  reduced  vulnerability  in 
the  event  of  a  hull  impact,  higher  hull  girder  stiffness  based  on  higher  section  modulus  and 
greater  producibility  (easier  to  fabricate,  insulate,  outfit,  and  paint)  with  a  projected  cost 
savings  of  8-12%  now  with  further  savings  inevitable  during  maintenance  periods.  The 
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betiveen  skin  distance  will  be  large  enough  to  accommodate  the  latest  programmable 
welding  technology  and  to  provide  for  ease  of  inspection,  maintenance  and  preservation. 

Disadvmtioges-.  1%  increase  in  displacement  for  the  double  hull  design, 
b.  CoHcctive  Protection  System 

First  option  is  to  install  a  full  collective  protection  system.  Based  on  total 
ship  impact  (cost,  weight,  etc.),  the  system  may  be  d^raded  to  include  two  or  three 
zones.  This  concept  dovetails  with  the  intmt  to  enclave  the  ship  into  three  to  five 
enclaves.  Ideally,  each  enclave  will  have  collective  protection,  though  if  this  becomes 
unreasonable  from  a  size  and  weight  (and  thus  cost)  point  of  view,  then  selective 
collective  protection  sub>enctaves  will  be  considered.  Primary  focus  will  be  to  maximize 
the  mission  readiness  of  the  ship  when  collective  protection  zones  are  detailed. 

2.  MECHANICAL 

a.  Plant  Type  (Including  Transmission) 

Several  exhaustive  studies  have  been  conducted  in  order  to  determine  the 
optimum  power  plant  for  destroyers  and  frigates  (Ref  1,  2,  3  and  4].  The  term  power 
plant  here  is  used  to  include  both  propulsion  and  dectrical  plant.  Factors  addressed  in 
these  studies  included; 

( 1 )  Propulsion  and  Electrical  Plant  Weight 

(2)  Propulsion  and  Electrical  Plant  Volume 

(3)  Power  Plant  Survivability 

(4)  Sustained  Speed  Margin 

(5)  Ship  Top  Speed 

(6)  Ship  Detectability 

(7)  First  Cost  (Power  plant) 

(8)  Life  Cycle  Cost  (Power  plant) 

(9)  Crew  Size  (Engineering)  • 
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(10)  Energy  Consumption 

(11)  Ship  Displacement  &  Volume 

(12)  Ship  Operability  (Ease  of  Control) 

(13)  Complexity 

(14)  Standardization  of  Components 

(15)  Technical  Risk 

Evaluation  criteria  included  many  factors.  The  initial  cost  footer  had 
highest  priority.  /UsA  and  sUmdardiuiiion  of  components  had  low  priority  in  one  of  the 
studies.  All  of  the  other  factors  had  medium  priority.  All  of  the  studies  showed  that 
mechanical  drive  systems  were  inferior  to  the  dectric  drive  system  options  based  primarily 
on  wdght  and  ease  of  arrangement.  Some  of  the  combined  diesd  and  gas  turbine  systems 
had  low  energy  consumption  rates,  though  tlwy  were  not  rated  wdl  overall.  A  medium 
speed  diesel  may  have  an  efficiency  as  high  as  46%  while  a  gas  turbine  has  an  efficiency  of 
about  35%.  On  the  other  hand,  a  medium  speed  diesd  nu^  have  a  specific  wdght  of  25 
Ib/HP,  while  the  gas  turbine  spedfic  wdght  is  3.5  Ib/HP.  These  two  factors  give  just  a 
brief  glimpse  of  why  a  very  thorough  study  such  as  [1]  is  needed.  Primarily,  this  study  was 
used  to  determine  which  propulsion  plant  was  optimum  for  this  new  ship  dass.  The 
innovative  and  expensive  podded  propulsor  seemed  to  be  optimum  in  some  cases,  but 
considering  that  the  low  cost  RDS  2010  must  be  capable  of  operating  in  mine  infested 
shallow  waters  it  doe^  not  seem  a  worthy  candidate  for  this  ship  dedgn.  In  order  to  obtain 
a  balanced  total  ship  design,  a  second  propulsion  plant  candidate  may  have  to  be 
considered.  The  two  options  are  addressed  bdow. 

(1)  Option  1:  Gas  turbine  integrated  electric  drive  q^ttem 

System  consists  of  multiple  propulsion  gas  turbines  generators 
(PGTGs)  supplying  a  propulsion  power  bus.  Additional  smaller  gas  turbine  driven 
generators  may  be  needed  for  efficient  low  speed-cruising  conditions.  Ship's  electric  power 

30 


needs  will  be  derived  from  the  propulrion  bus  via  solid-state  power  converters.  This 
system  allows  maximum  flexibility  in  machinery  plant  layout  to  allow  dispersion  of 
components  within  the  hull  to  decrease  ship  vulnerability. 

(2)  Opttoa  2:  Comblacd  dlcsd  declrlc  and  {as  turbine  electric  drive 

This  combined  diesel  electric  and  gas  turbine  electric  drive 
(CODLAG)  system  has  the  potential  of  increased  plant  efficiency  at  low  cruising  speeds 
based  on  a  lower  specifle  fuel  consumption  (Ib/hp-hr),  yet  still  provides  the  flexibility  in 
machinery  plant  arrangement  that  is  available  with  gas  turbine  electric  drive.  Additionally, 
this  system  may  lead  to  smaller  volume/fewer  intakes  and  uptakes.  The  disadvantage  of 
this  system  would  be  higher  specifle  volume  (ft^/hp),  specifle  weight  (ib/hp)  and  initial  ship 
cost  ($). 

b.  Propeller  -  Variable  Pitch  vs.  Controllable  Reversible  Pitch  (CRP) 

This  decision  is  based  on  : 

(1)  the  fact  that  the  electric  drive  motors  are  reversible  and  have  full- 
range  speed  control;  and 

(2)  shallow  water  operations  pose  a  higher  likelihood  of  propeller 
damage,  making  a  CRP  propeller  too  high  a  risk  (not  robust  enough). 

3.  ELECTRICAL 

a.  Generation  Scheme 

Electric  power  for  either  option  vrill  be  derived  from  the  propulsion  power 
bus  via  solid-state  ac-ac  power  converters. 

b.  Distribution  system 

The  propulsion  power  bus  will  be  a  standard  ring  bus  configuration  for 
maximum  flexibility  and  reliability.  It  is  not  perceived  that  propulsion  power  will  be 
distributed  to  portions  of  the  ship  in  which  it  is  not  required.  The  load  power  bus  will  also 
be  a  ring  configuration.  The  electric  loads  ^1  be  supplied  from  solid-state  power 
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converters  located  in  each  enclave,  with  redundant  capability  to  supply  other  enclaves  (and 
vice  versa). 

c.  Power  aianagencat  system 

Power  management  win  be  controUed  automatically  with  smart  load  shed 
coordination  with  the  combat  system.  System  reconfiguration  (hie  to  d^raded  capacity 
and  capability  will  be  performed  automatically  to  maximize  available  power  consistent 
wnth  ship's  tactical  ntuation.  Deriving  the  ship's  service  dectrical  power  from  the 
propulsion  generators  allows  the  capability  to  momentarily  divert  aU  propulsion  power 
from  propulsion  to  ship's  service  to  support  critical  combat  systems  operations  during 
system  reconfiguration. 

d.  Emergency  power 

There  will  be  no  dedicated  emergency  power  system,  though  generator 
sizing  and  quantity  will  allow  sufficient  capacity  for  some  generation  capacity  to  remain  in 
standby  during  full  load  conditions. 

4.  COMBAT  SYSTEMS 

a.  Detection  Systems/Sensors 

(1)  Air  Search  Radar 

Several  studies  wore  performed  comparing  the  SPS-48,  SPS-49, 
Mk  92,  and  a  Low  Budget  Phased  Array  (LBPA)  radar  ^sterns.  The  LBPA  is  envisioned 
to  be  of  the  Aegis  style,  yet  with  reduced  capability  and  cost.  The  system  characteristics, 
weight  and  cost  were  compared  and  wei^ted  so  that  cost  and  wdght  were  of  primary 
importance.  Summaries  of  the  analyses  are  included  in  Appendbc  C  under  the  heading  of 
Primary  A  ir  Search  Sensor  Matrix  and  Secondeay  A  ir  Search  Sensor  MtOrix. 

(a)  OpHon  I:  Primary:  SPS*49  Secondary:  Mk-92 

(b)  OpHon  2:  Primary:  SPS-49  Secondary:  SPS-48 
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(2)  Surface  Search  Radar 

The  SPS-67  will  be  employed  as  the  primary  surface  search  radar 
with  the  primary  navigation  radar,  the  SPS'64,  as  the  backup. 

(3)  IR  Search 

The  SAR-8  will  be  used  for  inihued  detection  and  tracking. 

(4)  ESM 

The  SLQ-32(V)3  wUI  be  used. 

(5)  Sonar 

(a)  The  SQS-S3  Oow  power/low  budget)  hull  mounted  sonar 
will  be  used.  The  Kingfisher  mine  hunting  adjunct  to  the  SQS-53  will  be  available  before 
letting  of  the  contract,  so  the  technical  risk  in  this  area  has  diminished  significantly.  One 
concern,  however,  is  that  the  SQS<S3  sonar  in  general  is  too  powerful  in  omni-directional 
and  Sector  Search  modes  for  shallow  water  ASW  missions,  which  is  its  primary  purpose. 
However,  a  localization  mode  by  beam  stewing  could  be  used  in  shallow  water  with  only 
minor  degradation.  A  variant  needs  to  be  designed  which  will  allow  omni  directional 
operation  at  low  power. 

(b)  The  Light  Airborne  Multi-Purpose  helicopter  (LAMPS  III) 
will  be  the  primary  off  hull  sonar  system  for  submarine  detection  and  targeting  with  the 
Unmanned  Undersea  Vehicle,  UUV,  as  the  primary  off  hull  mine  hunting  sonar  system. 
The  UUV  is  under  risk  of  being  dropped  form  the  RDS  2010  class  because  of  Ks  high  cost 
and  low  mission  utility  for  the  expected  threats. 

(6)  Acoustic  Intercept  Receiver 

The  WLR-9  will  not  be  used  for  detecting  incoming  torpedoes, 
since  this  function  is  inherent  to  the  surface  ship  torpedo  defense  system  (SSTD). 

(7)  Chemical  Detection  System 

The  KAS-1  chemical  warning  directional  detector  will  be  used. 
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b.  CoMaumd  ind  Deciiioii 

An  int^rated  Command  and  Decision  system  will  need  to  be  designed 
around  the  specific  elements  of  the  condmt  system. 

c.  System  Information  Coordination 

An  int^rated  System  Information  Coordination  system  will  need  to  be 
designed  around  the  specific  elements  of  the  condwt  system. 

d.  System  Readiness  Coordination 

An  integrated  System  Readiness  Coordination  system  will  need  to  be 
designed  around  the  specific  dements  of  the  combat  system. 

e.  External  Communications 

The  communications  suite  will  consist  of  the  following  types  of  equipment 
to  perform  the  functions  currently  done  by  underwater  tdephone,  HF,  UHF,  VHF,  and 
SATCOM  transmitters  and  receivers.  Additionally  the  suite  of  COPERNICUS 
architecture  will  indude  JTIDS,  JOTS  and  SSES  capabilities.  It  is  concdved  that  these 
dements  will  be  housed  in  pands,  enclaved  throughout  the  ship  and  that  a  radio  room  as 
we  know  it  today  will  not  exist.  Data  links  for  ship-ship  and  ship-shore  data  transfer  will 
also  be  required. 

f.  Interior  Communications 

The  interior  communications  system  will  condst  of  a  fiber  optic  digital 
multiplexing  system  for  voice  and  data  distribution  and  traditional  souml  powered  phone 
drcuits  for  robust,  damage  control  voice  communications. 

g.  Weapon  Control  System 

An  integrated  Weapon  Control  System  will  need  to  be  designed  around  the 
specific  elements  of  the  combat  system. 
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h.  Navigation  System 

The  navigation  system  will  consist  of  SPS-64  as  the  primary  radar  system, 
and  the  Furuno  as  the  backup  radar  system.  TACAN  will  be  required  as  helicopter 
support.  A  study  of  this  mission  area  was  performed  and  is  included  in  Appendix  C  as  the 
Navigatitm  Radar  Matrix.  Although  the  SPS-64  did  not  rate  as  well  as  the  LN-66  or  the 
.  uruno  overall,  h  was  chosen  as  the  primary  luivigation  radar  since  it  can  send  data  to  the 
fire  control  system  and  serves  as  the  backup  to  the  SPS-67  in  the  ASUW  mission  area. 
The  Furuno  and  the  LN-66  radar  are  essentially  commercial  grade,  low  cost  navigation 
radars  with  no  capability  to  be  interfaced  with  the  ship's  combat  system.  They  are  useful  in 
providing  a  low-cost  navigation  backup  capability,  however. 

i.  Engagement/Weapons 

(1)  Long  Range  Intercept  Missile 

The  SM-1/2  family  of  missiles  will  be  used  for  long  range  intercept 
of  air  and  surface  targets.  The  Missile  Selection  Matrix  in  Appendix  C  shows  how  the 
candidate's  ratings  compared. 

(2)  Short  Range  Intercept  Missile 

The  RAM  (RIM-1 16)  series  of  missiles  will  be  used  for  short  range 
intercept  of  airborne  targets. 

(3)  Anti-ship  Missile 

The  Harpoon  missile  will  be  used,  including  the  upgraded  IR 
verrion  of  Harpoon,  the  Sea  Launched  Attack  Missile  (SLAM)  version. 

(4)  Point  Defense  system 

The  Phalanx  (MK-IS)  CIWS  will  be  used  for  ultra-short  range 
airborne  target  intercept.  The  CIWS  Selecti<m  Matrix  in  Appendix  C  shows  how  the 
candidate's  ratings  compared. 
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(5)  Naval  Gunfire  Support 

(a)  1:  The  S”-S4  Mk-54  medium  caliber  gun  provides  a 
higher  weight  round  and  lightly  improved  range  over  option  2,  but  has  a  lower  firing  rate 
and  double  the  waght.  Use  of  the  autonomous  Naval  strike  round  (ANSR)  has  the 
potential  of  increa^g  range  to  SO  nm,  however  at  a  significant  cost  inCTease  per  round. 

(b)  OptioH  2:  The  76  mm  Oto  Mdara  medium  caliber  gun 
provides  higher  firing  and  training  rates,  but  the  round  wdght  is  one-fifth  the  weight  of  a 
S”  round.  The  Medium  Caliber  Gun  Selection  Matrix  in  Appendix  C  diows  how  the 
candidate's  ratings  compared. 

(6)  Small  Caliber  Gun 

(a)  The  25  mm  Chain  gun  will  be  used. 

(b)  The  7.62  mm  minigun  will  be  used. 

(7)  Land  Strike  Missile 

The  Tomahawk  Land  Attack  Missile  (TLAM)  will  be  used.  >Vith 
the  system  installed,  it  will  be  possible  to  use  the  Tomahawk  Anti-Ship  Missile  (TASM). 

(8)  Anti-Torpedo  Defense 

The  new  Surface  Ship  Torpedo  Defense  (SSTD)  system  will  be 

used. 

(9)  Torpedo 

The  Mk  SO  Barracuda  torpedo  will  be  launched  fi’om  the  SVTT  Mk 
32  torpedo  tube  by  the  Mk  1 16  Fire  Control  System  or  a  new  fully  integrated  fire  control 
system.  In  addition,  the  LAMPS  helo  has  the  capability  to  launch  torpedoes. 

(10)  Depth  Charge/Mortar  System 

The  So>raet  RBU-6000  and  the  antique  US  Hedgehog  mortar 
systems  are  very  heavy  (30,000  lb  loaded  launcher)  and  would  impose  a  significant  impact 
on  the  RDS  2010.  The  need  for  this  type  of  system  still  exists  based  on  the  fiu:t  that  a 
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Mk  50  torpedo  acquisition  of  an  enemy  submarine  in  shallow  water  has  a  lower  than 
desired  probability.  A  new  light  weight  launder  is  necessary  since  the  Hedgdiog  is  limited 
in  range  to  270  yards  and  a  wbmarine's  location  could  likely  be  d^ermined  at  a  longer 
range.  Ideally,  the  LAMPS  or  UUV  will  assist  in  locating  the  submarine  and  Um  int^rated 
fire  control  system  would  launch  mortars  aimed  at  a  specific  coordinate  and  set  to  explode 
at  a  designated  depth.  It  is  recommended  that  OPNAV  assign  a  study  group  to  determine 
the  usefulness  of  deploying  this  type  of  weapon  against  submarines  in  shallow  water. 

J.  Countcmeasurcs 

(1)  ECM 

(a)  Based  on  the  perceived  threat,  ail  of  the  countermeasures 
which  were  considered  will  be  used  and  launched  using  the  Mk  36  Super  Rapid-Blooming 
Chaff  (SRBOC)  Launcher.  These  included  Launched  Active  Decoy  (LAD),  SRBOC,  and 
TORCH.  These  expendables  will  provide  protection  against  missiles  with  active  and 
passive  radar  and  infrared  homing  systems.  Most  of  the  new  countermeasures  currently 
being  developed  will  be  launchable  with  this  launcher. 

(b)  The  SLQ-32(V3)  provides  ECM  capabilities. 

(2)  Sonar  Acoustic 

The  outdated  Talisman  and  Nixie  were  compared  and  found  to  be 
similar  except  Nixie  weighs  50%  less.  Additionally,  the  new  Surface  Ship  Torpedo 
Defense  (SSTD)  will  be  operable  by  the  year  2000.  This  system  contains  both  active  and 
passive  defense  measures  and  will  be  used  on  the  RDS  2010  instead  of  the  towed 
noisemakers  and  launched  submarine  style  noisemakers  (ADC,  CSA  and  NAE). 
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IV.  PEASIBILITY  STUDIES  >  COMBAT  SYSTEM  DEFINITION 


The  next  phase  of  the  design  process  is  defining  the  combat  system.  This  is  the  first 
part  of  performing  the  feasibility  studies.  Since  the  combat  ^em  represents  a  major 
payload  of  the  ship,  the  determination  the  specific  elements  choseti  for  the  combat 
system  is  required  to  proceed  on  with  the  HuO,  Mechamcal,  and  Electrical  Feasfiniity 
Studies.  The  size,  weight,  location,  power  and  other  auxiliary  service  requirements  of  the 
payload,  when  combined  with  the  performance  requirements  of  the  ship,  will  in  many 
respects  define  the  ship's  HMftE  duvacteristics. 

Final  selection  of  the  combat  system  elements  which  comprise  the  cond>at  systems 
suite  of  the  RDS-2010  is  an  iterative  process  of  selecting  candidate  combat  system 
elements  and  then  evaluating  their  at^ty  to  defeat  threat  weapons  in  plausible  threat 
scenarios.  Based  upon  the  results  of  the  threat  scenario  evaluation,  adjustments  can  be 
made  to  the  condiat  system  elements.  In  addition,  the  minimum  number  of  engagement 
dements  are  determined  from  the  threat  scenario  evaluation. 

In  this  chapter,  the  threats  are  first  defined.  Plausible  threat  scenarios  are  then 
presented  to  evaluate  the  ability  of  the  candidate  combat  system  dements  chosen  in  the 
last  chapter.  Based  upon  this  evduation  and  the  ability  of  the  combat  system  dements  to 
defeat  the  proposed  threats,  the  minimum  number  of  combat  system  elements  can  be 
chosen  in  the  context  of  defeating  the  threat  in  the  specified  scenarios.  This  determination 
of  number  of  combat  system  dements  does  not  indude  the  consideration  of  redundancy 
for  rdiability  or  survivability  reasons. 

A.  THREATS 

A  survey  was  completed  of  the  current  threat  weapon  inventory  using  Naval 
Postgraduate  School  library  resources.  Based  upon  this  surv^,  a  number  of  threat 

weapons  were  devdoped  that  were  fdt  to  be  simiiarly  chdienging  as  the  actud  threats. 
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This  procedure,  however,  allowed  the  design  team  to  keep  this  portion  of  the  design 
process  unclassified.  Table  4-1  lists  the  threats  that  will  be  used  to  detemune  Uie  ounbat 
system  performance  fbr  the  RDS-2010. 


Table  4-1.  RDS-2010  Threat  Weapons. 
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B.  THREAT  SCENARIOS  AND  EVALUATION 

In  this  section,  the  threats  are  combined  with  likely  engagement  actions  to  form 
plausible  engagement  scenarios.  The  scenarios  consist  of  specified  threat  weapons 
launched  at  the  ship.  The  number,  range,  and  bearing  of  the  threats  were  picked  to  match 
likely  encounters  in  the  suspected  operational  area  in  which  this  ship  will  be  patrolling. 

Due  to  time  and  resource  constnunts,  only  four  AAW  scenarios  were  evaluated.  In 
actuality,  additional  scenarios  would  have  to  be  developed  and  evaluated  in  the  other 
warfare  cat^ories  (ASUW,  ASW,  and  mine  warfare). 

One  of  the  most  challenging  defensive  debilities  of  the  RDS-2010  ship  is  the  defeat 
of  the  Anti-Shipping  Missile  (ASM)  threat.  Conflicts  within  recent  memory  have  proven 
the  effectiveness  and  lethality  of  the  ASM  threat,  including  the  susceptibility  of  warships 
to  damage.  The  solution  to  Anti-Shipping  h^s»ie  Defense  (ASMD)  demands  a  mix  of 
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defensive  concepts,  including  such  hard  kill  weapons  as  missiles,  guns  and  high-energy 
directed  energy  weapons  be  deployed  in  addition  to  other  defensive  systems  such  as  ECM, 
ECCM,  and  decoys.  Note  that  the  success  of  these  types  of  ASMD  qrstems  requires  an 
overt  and  explicit  effort  in  applying  the  techniques  of  vulnerability  reduction  to  the  ship  to 
reduce  its  susceptibility  to  damage  by  ASM  debris  at  the  mission  or  firepower  kill  levels. 
Also,  success  of  the  ASMD  system  chosen  for  the  ship  requires  the  adoption  of  tactical 
plans  and  procedures  tailored  to  the  changing  ASM  threat. 

The  ASMD  elonents  chosen  for  the  RDS-2010  include: 

►  Missiles  -  SM-1/2  and  RAM 

►  Guns  -  Mkl  S  Phalanx  and  Mk  45  SVS4 

►  ECM  -  SLQ-32  (V3) 

►  CHAFF 

This  section  presents  the  results  of  the  study  of  four  diverse  Anti-Air  Warfare 
(AAW),  defensive  threat  scenarios  (specifically,  ASMD)  and  is  to  be  used  in  conjunction 
with  the  previous  chapter's  section  on  elon^it  Selection  Options.  Specifically,  this  section 
is  used  to  determine  and  validate  choices  for  the  minimum  number  of  missiles,  types  of 
missiles,  guns,  and  close-in  protection  systems  required  to  separately  defeat  the  four 
surmised  threat  scenarios.  Modifications  to  these  quantities  nuiy  and  probably  will  occur 
as  the  design  progresses.  The  threat  ASMs  used  in  these  scenarios  were  defined  in  the 
previous  section  of  this  chapter. 

Only  AAW  threat  scenarios  are  pres^ted.  This  does  not  imply  that  the  ASW, 
ASUW,  or  mine-countermeasures  are  not  important  or  not  in  need  of  study.  Resource  and 
time  constraints,  however,  preclude  similar  studies  in  these  defensive  areas.  The  basic 
m^hodolo^  present  in  this  report  would  also  be  used  to  study  these  other  defensive 
waifore  areas,  however. 
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1.  Background  Dcvdopnent 

Performance  of  ASMD  analysis,  the  ability  to  defeat  an  attacking  ASM,  is  normally 
expressed  in  terms  of  the  atxlity  to  protect  the  defending  ship  from  damage.  The 
acceptable  level  of  ship  damage  is  not  well  de6ned  yet,  though  for  the  RDS*2010,  this  is 
considered  a  severe  constraint.  Emphasis  is  placed  on  defeat  of  the  ASM  threat  vice 
accepting  resulting  damage  from  a  "leaker”. 

In  general,  the  capability  to  defeat  a  target  is  expressed  as: 

"^d)  (4*1) 

where: 

Pjt  ^  probability  of  target  kill  (or  defeat), 

Ps  "  probability  of  slup  survival  at  the  kill  level  of  interest, 

Ps.D‘  *  probability  of  ship  survival  given  that  the  ASMD  system 

causes  damage  to  the  target,  t 

PsnuT  ptobabiUty  that  the  ship  will  survive  given  that  the  ASMD  system 
does  not  damage  the  target  (i-e.,  the  inherent  surwvability  of  the  ship),  and 
Pq  ~  probability  that  the  target  is  damaged. 

Clearly,  (4-1)  implies  an  assessment  of  the  RDS-2010  ship  survivability  is  inherent  in 
quantifying  a  weapon's  system  capability  to  defeat  the  ASM  threat.  This  is  not  included  in 
this  report,  though  a  goal  of  "zero  hits"  for  the  RDS-2010  is  desired  in  response  to  the 
Requirements  for  Regional  Deterrence  Ship  (RDS)  20  JO  (Section  ll.B). 

The  ASM  defensive  range  can  be  roughly  divided  into  three  zones  as  depicted  in 
Figure  4-1.  The  long  range  defensive  system  for  the  RDS-2010  is  the  SM-1/2  and 
associated  Fire  Control  System  (FCS).  In  the  long  range  intercq)t  game  plan,  the  ability  of 
the  ASM  to  penetrate  to  the  vicinity  of  the  ship  after  intercq>t  by  the  long  range  system  is 
indicative  of  a  lack  of  a  kill.  Indeed,  standard  practice  criterion  for  long  range  system 
target  defeat  is  not  only  ship  protection,  but  damage  to  the  ASM  such  that  ship  protection 
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is  guaranteed  to  the  point  where  no  further  weapons  must  be  addressed  to  the  target  in 
question.  This  kind  of  damage  requirement  is  used  to  conserve  expensive  and  volume 
consuming  long  range  weapons  by  allowing  tiw  PCS  or  kill  assessment  system  to  identify  a 
target  kill  and  address  the  next  weapon  to  the  next  most  threatening  target. 
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Figure  4-1.  ASM  Defensive  Range 

For  short  and  medium  range  syst«ns  (SM-1/2  and  RAM),  the  observable  kilP 
criterion  does  not  apply.  Evaluation  of  systems  tests  versus  flying  targets  indicate  that  five 
to  fifteen  seconds  are  required  in  many  cases  to  allow  positive  identification  of  a  target 
kill,  even  under  the  classic  catastrophic  kill  level.  This  means  that  for  medium  to  short 
range  systems,  this  time  delay  in  kill  identification  may  defeat  the  purpose  of  requiring 
observable  kills.  The  defensive  missile  time-of  flight  (TOF),  when  coupled  with  the  target 
speed,  results  in  a  very  short  second  encounter  requirement.  Clearly,  a  ^ot-shoot-look 


°  An  observable  kill  is  any  damage  to  the  ASM.  Note  that  the  characteristics  of  target  reaction  which  is 
observable  to  the  FCS  or  weapons  assessment  system  is  a  fimction  of  the  system  performance  criteria.  For 
this  reason,  a  more  conservative  evaluation  of  the  required  target  damage  observable  to  the  kill  assessment 
qrstem  is  the  catastrof^ic  Ml  level  (described  as  the  classic  nearly  instantaneous  breakup  of  the  target). 
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engagement  acenario  is  required  in  this  situation.  The  required  level  of  target  damage 
produced  for  medhim-to-short  range  encounter  is  considered  to  be  at  the  catastrophic  kill 
level. 

For  very  short  range  ASMD  (often  known  as  "last-ditch”  effort),  the  RDS-2010 
employs  the  MK15  Phalanx  system.  In  this  scenario,  even  catastrophic  target  damage  may 
not  always  protect  the  ship.  Issues  such  as  target  speed,  mass,  and  ship-to-target  geometry 
at  ranges  under  one  nautical  mile  often  couple  to  result  in  some  level  of  ship  damage  from 
the  debris  of  the  destroyed  ASM.  Indeed,  for  very  short  range  systems,  the  assessment  of 
likelihood  of  own  ship  survival  takes  on  a  new  meaning.  The  ^em  must  damage  the 
incoming  ASM  such  that  either  (1)  it  misses  the  defending  ship  by  such  a  distance  that 
upon  water  impact  the  air  and  water  shocks  produced  by  detonation  of  the  warhead  result 
in  low  probability  of  ship  damage;  or  (2)  target  breakup  occurs  at  such  a  range  that  the 
resultant  particles  either  can  not  reach  the  ship  or  do  not  have  a  significant  capability  to 
produce  ship  damage  upon  impact. 

The  focus  of  this  section  of  the  r^rt  is  the  determination  of  hit  and  kill 
probabilities  of  incoming  threats  with  the  weapons  systems  employed  on  RDS-2010.  The 
probability  of  hit,  Pfj,  implies  the  likelihood  that  the  kill  mechanism  or  damage  producing 
agent(s)  employed  by  the  defensive  system  interact  with  the  target  at  some  level  of 
intensity.  The  actual  methods  to  determine  Pjf  by  determining  this  levd  of  intendty  is 
beyond  the  scope  of  this  discussion.  Realize,  however,  that  detomination  of  Pfj  is 
comprised  of  inputs  from  such  varied  areas  as  target  detection,  tracking,  fire  control 
characteristics,  pointing  accuracy,  weapon  chvacteristics  (ballistics,  aerodynamics,  etc.), 
reliability,  maintainability,  fuse  dunacteristics,  ECM  environment,  weather,  target 
performance,  and  warhead  characteristics.  Fortunately,  seldom  do  all  these  factors  have  to 
be  considered  simultaneously. 
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For  the  analysis  conducted  in  this  section,  many  gross  simplifications  are 
employed  to  albw  solution  of  the  problem  with  available  data  and  techniques.  The 
purpose  of  this  phase  of  the  design  process  is  to  delineate  the  basic  analysis  technique 
which  is  used  for  a  "first-order*  evaluation  of  the  RDS-2010  combat  system  effectiveness 
against  proposed  scenarios.  The  remainder  of  the  section  is  organized  with  a  general 
procedural  and  calculation  summary  used  for  the  analysis,  followed  by  specific  analysis  of 
four  threat  scenarios.  These  scenarios  were  chosen  to  be  representative  of  a  diverse  range 
of  ASM  threat  situations  that  could  likely  be  encountered  based  on  the  guiddine  contained 
in  the  Requirements  for  Regionai  Deterrence  Ship  (RDS)  2010  (Section  II.B).  Finally,  a 
summary  of  the  results  is  presented  with  recommended  weapon  types  and  load  out  with 
supporting  combat  systems  elements, 
a.  Assumptions 

Of  general  note,  the  inbound  target  is  assumed  to  be  non-maneuvering, 
with  exception  of  the  terminal  flight  phase  prior  to  impact.  Also,  a  target  hit  is  considered 
a  kill. 

(1)  Radar  Horizon 

For  the  scenarios  considered  a  conservative  assumption  is  made 
that  the  radar  horizon  is  IS  nautical  miles  at  the  surface.  The  radar  horizon  equation  is 
given  by: 

rh  =  (4-2) 

where:  rh  -  radar  horizon  in  nm, 

^target  ~  hciglit  of  target  above  surface  in  feet,  and 
H radar  ~  hdght  of  own  radar  above  surface  in  feet. 

Assuming  a  target  height  of  zero  feet  and  a  IS  nautical  mile  radar  horizon,  (4-2)  is  solved 

for  an  own  ship  radar  hdght  of  81  feet.  This  is  the  minimum  height  for  the  surface  search 

radar. 
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(2)  Operational  Arcs. 

The  ship's  weapon  and  sensor  systems  are  assumed  to  have  a  360° 
clear  arc  of  fire  and  detection  capability". 

(3)  Combat  System  Readiness 

It  is  assumed  that  the  combat  system  is  in  a  full  readiness  condition. 

b.  General  Scenario  Rules 

To  ascertain  whether  a  particular  threat  can  be  engaged,  the  following 
ground  rules  are  used: 

(1)  A  minimum  ten  second  time  delay  is  assumed  from  time  of 
detection  to  time  of  engagement.  This  time  delay  accounts  for  the  lag  in; 

(a)  processing  and  passing  information  from  the  search  radar  to 
the  Fire  Control  System  (FCS); 

(b)  the  illuminator  locating  the  target  and  passing  information 

to  the  FCS;  and 

(c)  the  operator  intervention  occurring  prior  to  the  Weapon 
Control  System  (WCS)  automatically  launching  the  long  range  engagement  weapon.  If  the 
operator  fails  to  intervene  within  the  allotted  ten  seconds,  the  ship  can  still  command 
destruct  the  weapon. 

(2)  A  delay  of  four  seconds  is  used  from  the  time-of-kill  assessment  to 
the  time  of  weapon  re-engagement. 

c.  Analysis. 

The  following  assumptions,  equations,  and  values  were  used  to  calculate 
the  probabilities  of  kill,  the  probabilities  of  hits,  and  the  expected  number  of  hits.” 

"  It  is  understood  that  the  360*  clear  arc  of  fire  and  detection,  and  the  15  nm  redar  horizon  are 
assumptions  diat  will  require  modification  once  the  ship's  superstnicture  has  been  defined. 

^  The  methodologies  employed  in  this  portion  of  the  report  are  taken  ftom  a  MIT  Profbssionai  Summer 
Course  entitled  Surfacx  Ship  Combat  System  Design  Integration,  presented  August  5-9  1991  at  the  Draper 
Laboratories  in  Cambridge,  Mass. 
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(1)  General 

(a)  Assume  three  banc  self-defense  systems  are  int^ral  to  the 

ship: 

0)  missiles, 

Oi)  guns,  and 

(iii)  jammers/decoys. 

(b)  Assume  an  incoming  mis^e  will  noT  hit  the  ship  if  and  only 
if  at  least  one  of  the  defensive  systems  is  successful  (i.e.,  the  threat  weapon  will  function 
as  designed  and  will  hit  the  ship  unless  explicitly  defeated  by  own  ship  defensive  systems). 

(c)  For  the  probability  formulations,  the  following  events  are 

defined; 

^  Let  A  be  the  event  that  the  defensive  missile  is  successful. 

^  Let  B  be  the  event  that  a  gun  system  is  successful. 

^  Let  C  be  the  event  that  the  incoming  missile  is  decoyed/jammed. 

(d)  The  cumulative  probability  that  at  least  one  system  is 
successful  against  each  incoming  missile  is  described  in  general  by  the  cumulative 
probability  formula  given  by: 

P(CUM).l-n(l-PJi))  (4-3a) 

i-l 

where:  P(CUM)  cumulative  probability  of  a  kill  by  n  kill  mechanisms,  and 

-  probability  that  the  lift  kill  mechanism  succeeded. 

For  the  specific  cases  presoited  in  this  rq)ort  with  three  kill-systems,  the 
cumulative  kill  probability  is  given  by: 

nA)][l  -  P(B))[1  -  P(Q]  (4-3b) 

where:  Pitiii,atrtan  ^  cumulative  probability  of  defeating  the  threat, 

V{A)  -  probability  that  a  defensive  missile  is  successful, 
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P(^)  *  probability  that  a  gun  is  successful,  and 
P(C)  probability  that  a  jammer/decoy  is  successful. 

(e)  The  probability  that  the  ship  will  take  a  hit  is  given  by: 

p(iiio=i-np,«».,.  (4-t) 

i-i 

(0  The  expected  number  of  hits  is  given  by: 

HTexp  =  P(hit)ni  (4-5) 

where:  m  -  the  number  of  incoming  threat  missiles. 

(2)  Defensive  Missile  System  Model 

To  determine  the  overall  kill  probability  of  the  defensive  missile  system: 

(a)  assume  one  incoming  missile; 

(b)  assume  the  defensive  missile  system  has  n  chances  (shots) 
at  the  incoming  missile;  and 

(c)  assume  each  shot  has  a  kill  probability  of p. 

In  this  case,  a  kill  is  assumed  if  intercept  occurs.  The  overall  kill 
probability  of  the  defensive  missile  is  given  by: 

Pu,fA)-\-{\-pr.  (4-6) 

(3)  Defensive  Gun  System  Model 

To  determine  the  overall  kill  probability  of  the  defensive  gun 
systems  (Mk4S  5754  and  Mkl5  Phalanx),  the  following  general  formulation  is  employed: 
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(4-7) 


E^.P„(A)-.{l-n[l-I(0)]} 

where: 

ei^agement  effectiveness, 

IS  System availal^ity , 

N  s  number  of  rounds  or  bursts  fired ,  and 
Pi,(t)s  single -round  or  burrt  effectiveness  of  the  i*  round  orburst. 

In  this  rqport,  the  engagement  effectiveness  is  assumed  to  be  the  same  as 

the  kill  probability,  though  it  really  only  implies  that  the  fire  control  solution  was 

adequate  to  place  the  round  where  it  was  needed,  not  that  it  actually  got  fiiere. 

Additionally,  system  availability,  a,  is  assumed  100%  when  needed. 

(a)  Overall  kill  probability  of  the  defensive  gun  system  is  range 

dependent. 

(b)  Number  of  rminds  fired  is  a  fiinction  of: 

1)  firing  rate  (F/?); 

2)  burst  duration 

3)  size  of  magaane  (number  oi  rounds  available); 

4)  maximum  pre-programmed  burst  duration. 

Overall  kill  probid>ility  of  the  Mk  IS  Phalanx  Close  In  Weapons 

System  (CIWS)  is  dependent  on  the  ^)edfic  target.  Variables  such  as  attadc  profile, 
speed,  and  Radar  Cross  Section  (RCS)  impact  the  kill  probability.  No  ea^  analytic 
solution  exists  that  reasonably  approximates  the  loll  probaUlity  fi>r  a  general  case.  Based 
on  phyrical  flight  parameters  and  profiles,  the  RDS-2010  ASM  threats  listed  in  Table  4-1 
are  assigned  the  kill  probabilities  listed  in  Table  4-2. 
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TABLE  4-2.  ASM  THREAT  PHALANX  PiOLL. 


ASM  DesiMMMtioH 

PtuUmwcPuH 

TRASHER 

0.3 

TAKEOVER 

0.85 

SEAGULL 

0.7 

SUNSTROKE 

0.5 

These  probabilities  assume  the  target  is  engaged  the  entire  effective  range  of  Phalanx  (0.81 
to  0.05  nm). 

The  5VS4  Mk  45  Naval  Gun  Mount  with  Mk  86  Gun  Fire  Control 
System  (GFCS)  firing  an  IR  fused  round  has  a  single  shot  kill  probability  against  a  missile 
that  is  approximated  by: 


where:  (4-8a) 

Pksa*  tingle  -shot  kill  probability ,  and 
R-  target  range  in  nm . 


A  plot  of  (4-8a)  is  shown  in  Figure  4-2,  which  shows  there  is  little  reason  to  engage  the 
5"/54  gun  on  a  missile  target  in  excess  of  2.5  nm  range. 

The  engagement  kill  probability  for  the  5754  gun  system  would  be  given  by: 


M 

where 

Pun(B)=  overall  gun  mgagement  kill  probability  (4-8b) 

Pkss  -  tingle  shot  kill  probability 
n=  number  of  rounds  shot  duririg  er^agement 
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Range  (nin) 

Figure  4-2.  PkSS  of  5"^  Mk  45  Gun  System  with  IR  fused  round. 

(4)  Jaimner/Decoy  Syston 

The  overall  kill  probability  of  the  jammer/decoy  systems  onboard, 
P(C),  is  a  function  of  several  variables,  including; 

(a)  equipment  tedinical  capabilities  (hardware  and  software); 

(b)  tactical  employment  of  both  januner  and  decoy  systems;  and 

(c)  environmental  fiu;tors  such  as  atmospheric  conditions 
including  wind  currents,  air  density,  particulate  content,  humidity,  etc. 

For  the  purpose  of  this  analysis  the  probability  of  the  jammer/ 
decoy  systems  obtaining  a  kill  of  the  inconung  threat  missile  is; 

P(C)  *  0.4  .  (4-9) 

The  actual  analyris  to  derive  the  number  given  by  (4-9)  is  quite 
involved  and  beyond  the  scope  of  this  rq)ort. 

The  scenarios  are  presented  in  a  time  line  format,  starting  with  time, 
I «  0  as  the  threat  launch  time,  and  positive  values  of  time  bdng  the  time  of  flight  (TOP). 
The  time  line  is  run  until  all  threats  have  theor^ically  impacted  the  ship.  This  mtthod 
allows  analysis  or  we^)on  system  aqrabilities  in  terms  of  reaction  times  and  capability  of 


50 


engaging  all  threats  until  time  of  impact.  In  redity,  this  gives  a  worst  case  scenario,  since 
running  the  problem  to  impact  assumes  no  ddensive  system  defeated  the  inbound  threat. 
Sizing  the  number  of  weapons/launchers/guns  and  FCS  supporting  hardware  on  this  figure 
would  lead  to  an  overly  conservative  dedgn. 

A  more  realistic  evduation  is  accomplished  using  the  cumulative 
kill  probabilities  as  TOF  increases.  This  gives  a  kill  probability  for  each  threat  for  each 
defensive  event  undertaken  in  time.  Using  this  technique,  assessment  can  be  made  of 
reasonable  kill  probability  as  the  threat  event  progresses;  e.g.,  a  99.9%  kill  probability  will 
be  achieved  with  sue  defensive  missiles  launched.  These  time-event  cumulative 
probabilities  are  included  on  the  timelines.  Hiis  methodology  will  lead  to  a  more  realistic 
weapon  loadout  requirement. 
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2,  SCENARIO  1:  SiamHaaeouf  haachcd  Mgli>aMtadc  aad  sea  skiaiaiiag 
aiissUcs 

This  scenario  involves  simultaneous  launch  of  two  threat  missiles: 

^  Takeover  (high  altitude,  terniinal  dive)  mitsile  launched  at  a  rai^  of  135 
nautical  miles  on  a  relative  bearii^  of  060**.  This  nussile  is  designated 
Threat  A. 

>■  Sunstroke  (10  meter  sea  skimmer)  nussile  launched  at  a  range  of  40  nautical 
miles  on  a  relative  bearing  of  120**.  This  missile  is  designated  Threat  B. 

The  launching  platforms  are  two  different  air  contacts  which  displayed  no  hostile 
intent  prior  to  missile  launch.  Figure  4-3  depicts  the  scenario  graphically  along  with  missile 
flight  profiles. 

Using  the  formulations  presented  in  the  analysis  section  and  the  timeline  Table 
4-3,  the  following  results  are  given: 

a.  Threat  A  encounter: 

(1)  Missile  engagement  (9  missiles  •  6  SM-1/2, 3  RAM) - 

by  using  (4-6)  with  n  *  9  misriles  and  p  »  0.7  (a  typical  value  for 
defensive  missile  system  against  incoming  missile  threat): 

Ph(A)  =  I-(I-0.7)’ 

=  0.999980 

(2)  Mk  IS  Phalanx  CIWS  engagement  - 

one  6.5  second  burnt  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  lull  probability  of: 

PkiU  =  0.«5  . 

(3)  Mk  45  5754  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Decoy  Picui(C)  is  given  as  0.4  by  (4-8). 
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The  overall  kill  probability  of  TVeol  A  is  found  b;'  udng  (4'3)  and  the  values  found  in  (I) 
through  (4)  above: 

-  1  ■  (1  “  0.999980KI  -  0.85][1  -  0.4]  (4-1 1) 

-  .9999982  . 

Note  the  running  cumulative  probabUities  in  tiie  right  hand  cohimn  of  the  TVeal  A 
encounto*  time  line.  The  final  value  of 0.999997  does  not  include  the  Jammiiig  and  Decoy 
kill  probability. 

b.  Threat  B  encounter: 

(1)  Missile  engagement  (6  missiles  -  2  SM-1/2, 4  RAM)  - 
using  (4-6)  with  n  -  6  missiles  and  p  -  0.7: 

fUW-l-O-OT)' 

=  0.99927 

(2)  Mk  IS  Phalanx  CIWS  engagement  - 

one  6.5  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probability  of: 

(3)  Mk  45  5754  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Decoy  PyiKQ  given  as  0.4  by  (4-8). 

The  overall  kill  probability  of  Threat  B  is  found  by  u^g  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

Pkainr^B  '  1  •  [1  -  0.99927H1  -  0.5](1  -  0.4]  (4-13) 

-0.999978 

Note  the  runiung  cumulative  |Hobabiiities  in  the  right  hand  cohimn  of  the  Threat  B 
encounter  time  line.  The  final  value  of  0.99964  does  not  include  the  Jamming  and  Decoy 
kill  probability. 
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The  protMbility  that  the  sh^i  will  take  a  hh  duraig  tlw  aoenario  U 

found  using  (4-4): 

P(hit)*  1 

-  1-(0.9999982K0.999978). 

-23.8xl(r* 

The  expected  number  of  hits  is  found  usii^  (4-5): 

/fr«p-P(«0*« 

-(23.8xl0^)-2 
-47.6x10^  . 

c.  Summary 

To  achieve  a  99.9%  kill  probability  of  eadt  foreat  indicates  that  the 
minimum  combat  system  required  is: 

(1)  6  SM-2(ER) 

(2)  2  SM-I(ER) 

(3)  2  indqiendont  illuminators 

(4)  4  RAM 

(5)  laws  mount 

(6)  ECM  system 

Additional  requirements  include  a  kmg  range  air  search  radar,  a  surfoce  search  radar,  a 
missile  PCS,  and  an  int^rated  combat  system. 


(4-14) 

(4-15) 
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3.  SCENARIO  U:  Sinultaneout  laMachcd  tea  fkimming  missiles 
This  scenario  involves  simultaneous  launch  of  three  threat  missiles; 

►  Sunstroke  (10  meter  sea  skimmer)  missile  launched  at  a  range  of  65 
nautical  miles  on  a  relative  bearing  of  090*’.  This  misrile  is  designated 
Threat  A. 

>  Seagull  (IS  meter  sea  skimmer)  missile  launched  at  a  range  of  15 
nautical  miles  on  a  relative  bearing  of  210*’.  This  missile  is  designated 
Threat  B. 

^  Sunstroke  (10  meter  sea  ridmmer)  missile  launched  at  a  range  of  50 
nautical  miles  on  a  relative  bearing  of  330”.  This  missile  is  designated 
Threat  C. 

The  launching  platforms  are  three  different  surface  contacts  which  displayed  no 
hostile  intent  prior  to  missile  launch.  Figure  4-4  depicts  the  scenario  graphically  along  with 
missile  flight  profiles.  Using  the  formulations  presented  in  the  analysis  section  and  the 
timeline  Table  4-5,  the  following  results  are  given; 
a.  Threat  A  encounter 

(1)  Missile  engagement  (6  missiles  -  2  SM-1/2, 4  RAM)  - 

using  (4-6)  with  n  «  6  missiles  and  p  =  0.7  (a  typical  value  for 
defensive  missile  system  against  incoming  missile  threat): 


P„(A)=l-(l-0.7)‘ 
=  0.99927 


(4-16) 


(2)  Mk  1 5  Phalanx  CIWS  engagement  - 

one  4.0  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probability  of; 
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(3)  Mk  45  5VS4  Medium  Caliber  gun  encounta*  • 

three  rounds  at  ranges  indicated  on  the  time  line  giving  a  kill 


probability  using  (4-8)  of: 


/»*,//- 0.52 


(4)  Jamming  and  Decoy  PiuiiCC)  is  given  as  0.4  by  (4-8). 

The  overall  kill  probability  of  Threat  A  is  found  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

Pmnr^A  -  I  -  [I  -  0.99927J[I  -  0.5]I1  -  0.52][1  -  0.4]  (4-17) 

-0.99989  . 


Note  the  running  cumulative  probabilities  in  the  right  hand  column  of  the  Threat  A 
encounter  time  line.  The  final  value  of  0.9998  does  not  include  the  Januning  and  Decoy 
kill  probability. 

b.  Threat  B  encounter: 

(1)  Missile  engagement  (12  missiles  -  4  SM-1/2, 8  RAM)  • 
using  (4-6)  with  «  =  12  missiles  and;>  =  0.7  : 

'’«(A)  =  l -(1-0.7)" 

=  0.9999995 

(2)  Mk  1 5  Phalanx  CIWS  engagement  - 

one  6.5  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probability  of 

P«//=0.7  . 

(3)  Mk  45  5754  Medium  Caliber  gun  encounter  - 

38  rounds,  with  approximately  one  round  fired  every  3  seconds 
starting  at  a  range  of  13.8  nm  as  indicated  on  the  time  line.  The  kill  probability  using  (4-8) 
is: 


0.934  . 
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(4)  Jamming  and  Decoy  PuiKQ  **  S^ven  as  0.4  by  (4-8). 

The  overall  kill  probability  of  Threat  B  is  found  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

0.9999995][1  -  0.7][1  -  0.934][1  -  0.4]  (4-19) 

=  0.999999993  . 

Note  the  running  cumulative  probabilities  in  the  right  hand  column  of  the  Threat  B 
encounter  time  line.  The  final  value  of  0.99999988  does  not  include  the  Jamming  and 
Decoy  kill  probability. 

c.  Threat  C  encounter: 

(1)  Missile  engagement  (5  missiles  - 1  SM-1/2, 4  RAM)  - 
using  (4-6)  with  n  -  5  missies  and  p  =  0.7  ; 

l'«(A)=l-(l-0.7)’ 

=  0.9976 

(2)  Mk  1 S  Phalanx  CIWS  oigagement  - 

one  6.S  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probability  of 

(3)  Mk  45  5754  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Decoy  P|aii(C)  is  given  as  0.4  by  (4-8). 

The  overall  kill  probability  of  Threat  C  is  found  by  using  (4-3)  and  the  values  found  in  (I) 
through  (4)  above: 

Pmnr^K:  -  »  -  [J  -  0.9976][1  -  0.5][1  -  0.4]  (4-21) 

=  0.99927  . 

Note  the  running  cumulative  probabilities  in  the  right  hand  column  of  the  Threat  C 
encounter  time  line.  The  final  value  of  0.9988  does  not  include  the  Jamming  and  Decoy 
kill  probability. 
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The  probability  that  the  ihip  wilt  take  a  hit  during  this  scenario  is 

found  using  (4-4): 

P(bit)“  l-(Pfca.ii^A  IPuaiWiitB  IPkai.ibHtc  1 

- 1  -(0.99989)(0.999999993)(0.99927)  (4-22) 

-840x10'* 

The  expected  number  of  tuts  is  found  using  (4-S); 

(4-23) 

-(840xl0^)-3 
-2.52x10-3  . 

d.  Summary 

To  achieve  a  99.9%  kill  probability  of  each  threat  indicates  that  the 
minimum  combat  system  required  is: 

(1)  7SM-1(ER) 

(2)  2  indq)endent  illuminators 

(3)  10  RAM 

(4)  2CIWSmount 

(5)  1  5754  gun  mount 

(6)  ECM  system 

Additional  requirements  include  a  long  range  air  search  radar,  a  surface 
search  radar,  a  missile  PCS,  and  an  integrated  combat  system. 
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Figure  4-4.  Scenario  IL 
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Table  4-4.  Scenario  a 


4.  SCENARIO  Ill:  Two  tinuhiMcoiis  famaclicd  oiobSc  sea  tkinadag  oiinilcs 
aad  a  delay  lauaclicd  sea  skimmiag  missile 

This  scenario  involves  simultaneous  launch  of  three  threat  misriles: 

Seagull  (IS  meter  sea  skimmer)  missile  launched  at  a  range  of  IS 
nautical  miles  on  a  relative  bearing  of 030^  at  time  t  Os.  This  misrile  is 
designated  Threat  A. 

>■  Seagull  (IS  meter  sea  sldmmer)  missile  launched  at  a  range  of  10 
nautical  miles  on  a  relative  bearing  of  ISO**  at  time  t  Os.  This  missile  is 
designated  Threat  B. 

b  Sunstroke  (10  meter  sea  ricimmer)  missile  launched  at  a  range  of  20 
nautical  miles  on  a  relative  bearing  of  320**  at  time  t  -  10s.  This  missile 
is  designated  Threat  C. 

The  Seagull  launching  platforms  are  two  different  surface  contacts  (fishing  craft)  which 
displayed  no  hostile  intent  prior  to  missile  launch.  These  firiiing  craft  were  hidden  amongst 
other  fishing  craft,  making  them  impossible  to  distinguish.  The  Sunstroke  missile  is 
launched  ten  seconds  after  the  two  Seagull  missiles  from  a  surface  contact  which  was 
being  closely  monitored.  Figure  4-5  depicts  the  scenario  graphically  along  with  missile 
flight  profiles. 

Using  the  formulations  presented  in  the  analysis  section  and  the  timeline  Table 
4-6,  the  following  results  are  given: 

a.  Threat  A  encounter: 

(1)  Missile  engagement  (12  missiles  -  4  SM-1, 8  RAM)  - 
using  (4-6)  with  n  -  12  missiles  and  p  ~  0.7: 

IU(A)=l-(l-0.7r 

*0.99999946 

(2)  Mk  1 5  Phalanx  CIWS  engagement  - 
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one  6.5  second  bunt  that  covers  the  entire  dBfective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kin  pit^MbUity  of: 

Puiro  j  . 

(3)  Mk  45  5*/54  Medhim  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Dec<^  PkJlKQ  **  0^  **  ^  (^^)- 

The  overall  lull  probabUity  of  Threat  ^4  is  fixmd  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

Pmn^A  “  »  -  [I  -  0.99999946H1  -  0.7H1  -  0.4]  (4-25) 

-0.99999990  . 


Note  the  tunning  cumulative  probabUities  in  the  right  hand  column  of  the  Threat  A 
encounter  time  line.  The  final  value  of  0.999999841  does  not  include  the  Jamming  and 
Decoy  kill  probabUity. 

b.  Threat  B  encounter: 

(1)  Misnle  engagement  (10  missiles  -  2  SM-1, 8  RAM) - 
using  (4-6)  with  n  -  10  missiles  and /t  -  0.7  : 


«’i.(A)=i-(i-o.7r 

=*0.999994 


(4-26) 


(2)  Mk  15  Phalanx  CIWS  engagemeni ' 

one  6.5  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probabUity  of: 


(3)  Mk  45  5754  Medium  Caliber  gun  encounter  - 

7  rounds,  with  iqtproxunately  one  round  fired  every  3  seconds 
starting  at  a  range  of  2.5  run  as  indicated  on  the  time  line.  The  kUl  probabUity  using  (4-8) 
is: 


/>*,/,- 0.8749 
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(4)  Jamming  and  Decoy  PuiKC)  is  given  as  0.4  by  (4>8). 

The  overall  kill  probability  of  Threat  B  is  found  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

PmiM  -  I  -  (1  -  0.999994](1  -  0.7)[l  -  0.8749[1  -  0.4J  (4-27) 

*0.9999999  . 

Note  the  running  cumulative  probabilities  in  the  right  hand  column  of  the  Threat  B 
encounter  time  line.  The  final  value  of  0.9999998  does  not  include  the  Jamming  and 
Decoy  kill  probability. 

c.  7%/var  Ct.'^couBter: 

(1)  Missile  engagement  (4  RAM) - 

using  (4-6)  with  n  *  4  missiles  and  p  =  0.7  : 

(4*28) 

*0.9919 

(2)  Mk  IS  Phalanx  CIWS  caigagement  - 

one  6.5  second  burst  that  covers  the  entire  eflTective  range  of  the 
Phalanx  yields ,  using  Table  4-2,  a  kill  probability  of: 

Phir  0.5  . 

(3)  Mk  45  5754  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  I>ecoy  PuiKC)  is  given  as  0.4  by  (4-8). 

The  overall  kill  probability  of  Threat  C  is  found  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

Pkill.7^  =  1  -  [1  -  0.9919][I  -  0.5][1  -  0.4)  (4-29) 

=  0.9976  . 

Note  the  running  cumulative  probabilities  in  the  right  hand  column  of  the  Threat  B 
encounter  time  line.  The  final  value  of  0.99595  does  not  include  the  Jamming  and  Decoy 
kill  probability. 
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The  probability  that  the  ship  will  take  during  this  scenario  is  found  using  (4-4); 
P(hit)*  IPuLIMB  I^ULIMC  1 

- 1  .(0.99999990K0.9999999)(0.9976)  (4-30) 

-2.4xl(r’ 

The  expected  number  of  hits  is  found  using  (4-5): 

(4-31) 

*(2.4x10-3)-3 

-7.2x10-3 

d.  Suniniai7 

A  99.9%  kill  probability  of  each  threat  is  not  possible  due  to  Threaf  C  kill 
probability  of  only  99.76%.  To  achieve  99.9%  kill  probability  on  Threat  A  and  Threat  B, 
and  a  99.76  kill  probability  on  Threat  C  indicates  that  the  minimum  combat  system 
required  is: 

(1)  6  SM-l(ER) 

(2)  2  indqiendent  illuminators 

(3)  11  RAM 

(4)  laws  mount 

(5)  ECM  system 

Additional  requirements  include  a  long  range  air  search  radar,  a  surface 
search  radar,  a  missile  PCS,  and  an  integrated  combat  system. 
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Figure  4>5.  Scenario  111. 
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5.  SCENARIO  IV:  Simultaneous  launch  of  shoulder  missiles 

This  scenario  involves  simultaneous  launch  of  two  shoulder  fired  threat  missiles: 

^  Stinger  (shoulder  mounted,  IR  home)  missile  launched  at  a  range  of  l.S 
nautical  miles  on  a  relative  bearing  of  300".  This  missile  is  designated 
Threat  A. 

^  Stinger  (shoulder  mounted,  IR  home)  missile  launched  at  a  range  of  2.0 
nautical  miles  on  a  relative  bearing  of  130".  This  missile  is  designated 
Threat  B. 

The  Stinger  launches  occur  simultaneously  from  two  different  pleasure  craA 
which  displayed  no  hostile  intent  prior  to  missile  launch.  Figure  4-6  depicts  the  scenario 
graphically  along  with  missile  flight  profiles. 

Using  the  formulations  presented  in  the  analysis  section  and  the  timeline  Table 
4-6,  the  following  results  are  given; 

a.  Threat  A  encounter: 

( 1 )  Missile  engagement  -  none 

(2)  Mk  IS  Phalanx  CIWS  engagement  - 

one  3.5  second  burst  that  covers  the  entire  effective  range  of  the 
Phalanx.  A  kill  probability  for  the  Stinger  is  estimated  to  be  about  0.3  due  to  the  small  size 
of  the  missile  and  short  reaction  time; 

(3)  Mk  45  5"/54  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Decoy  P|ui|(C)  is  considered  ineffective  for  this  scenario. 
The  overall  kill  probability  of  Threat  A  is  found  by  using  (4-3)  and  the  values  found  in  (1) 
through  (4)  above: 

PMI.nrea,A=^-U’0.3]  (4-11) 

=  0.3  . 
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b.  TlrMf  Acacenntcn 

(1)  Missile  engagement  •  not  used. 

(2)  Mkl5  Phalanx  CIWS  engagement - 

one  5.0  second  burst  thiU  covers  the  entire  effective  range  of  die 
Phalanx.  A  kill  probability  for  the  5t/itger  is  estimated  to  be  about  0.4  due  to  the  mudl 
size  of  the  missile,  but  there  is  sli^tly  longer  reaction  time  as  conqiared  to  Paragraph 
IV.B.S.a  above:  . 

(3)  Mk  45  5V54  Medium  Caliber  gun  encounter  -  not  used. 

(4)  Jamming  and  Decoy  PyiKQ  is  considered  ineffective  for  this 
scenario. 

The  overall  kill  probability  of  Th-eai  B  is  found  by  using  (4*3)  and  the  values  found  in  (1) 
through  (4)  above: 

^*///.d^.-J’C»-0.4J  (4-13) 

*0.4  . 

The  probability  that  the  ship  will  take  a  hit  during  this  scenario  is  found  using  (4-4): 

P(hit)“  l*IPkn,Tlw*IA  I^UH.nnitB  1 

-1-(0.3K0.4)  (4-14) 

-0.88 

The  expected  number  of  hits  is  found  uring  (4-5): 

(4-15) 

=  (0.88)2 

=1.76  . 

c.  S«niniai7 

The  minimum  combat  system  required  is: 

(1)  2  CIWS  mount 

Additional  requirements  include  a  surface  swch.radar  and  an  int^rated  combat  system. 
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Figure  4-6.  Scenario  IV. 
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Table  4-6.  Scenario  IV, 
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6.  SUMMARY: 

Based  on  the  four  outlined  scenarios,  the  following  minimum  number  of  systems 
and  items  will  be  incorporated  into  the  initial  design  of  the  RDS-2010; 

a.  A  combat  system  consisting  of  the  following  engagement  dem«its  will  be 

used; 

-  24  cell  VLS  (VLS  loadout  as  required  by  mission) 

-  2  RALS  (Ram  Alternate  Launcher  System) 

-2MK  15  PHALANX 

-  1  5754  MK  45  GUN  Mount  w/  PCS 

-  2  SPG-XX  ILLUMINATORS 

-  1  SLQ-32(V3)  w/  2  DECOY  LAUNCHERS 

» I  Long  Range  Air  Search  Radar 

- 1  Surface  Search  Radar 

b.  The  ship  must  be  able  to  sustain  a  hit  iVom  a  STINGER  size  missile  and 
maintain  mission  capabilities. 

c.  Although  the  scenarios,  as  presented,  would  imply  no  requirement  for  the 
SAR-8  IR  ser  sing  system,  the  weakest  defensive  capability  lies  in  the  short  range,  hand- 
launched  missile  system  (STINGER  types).  Research  needs  to  be  accomplished  in  the  area 
of  quick-reaction  detection  of  a  missile  launch  and  autonomous  defeat  of  the  weapon.  This 
is  envisioned  as  some  type  of  automatic  flare  system  coupled  to  a  sensor  like  the  SAR-8. 
Immediately  on  detection  of  missile  launch,  a  flare-type  decoy  would  be  deployed  to  draw 
the  missile  away  from  the  ship.  This  flare  will  have  to  be  propelled  along  a  predetemuned 
flight  path  to  allow  the  missile  to  lock-in  on  it  and  then  be  drawn  away  from  the  ship. 
Another  area  in  which  research  is  required  is  active  IR  emissions  for  disabling  the  missile 
seeker,  by  overload  or  deception. 
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C.  COMBAT  SYSTEM  DESCRIPTION  AND  ARCHITECTURE 

1.  Design  Statement 

The  RDS-2010  Combat  System  and  supporting  elements  are  de«gned  to  meet 
the  requirements  delineated  in  Section  Il.B.  Specifically,  the  combat  syston  must: 

a.  provide  AAW  self-defense  against  limited  intensity/direction  threats; 

b.  provide  ASUW  against  third-world  surface  naval  forces; 

c.  provide  ASW  in  deep  and  shallow  water  while  employed  Indepmlently; 

d.  support  amphibious  assaults; 

e.  attack  high  value  land  based  military  targets; 

f.  receive  real  time  targeting  information  from  diverse  sources;  and 

g.  operate  in  mine  infested  waters. 

These  requirements  and  the  evaluation  of  threat  scenarios  (Section  IV.B) 
confirmed  and  refined  the  combat  system  element  selection  (Section  III.C.4). 

2.  Top  Level  Design  Goals 

Based  on  the  above  requirements,  the  top  level  combat  system  design  goals  are: 

a.  self-defense; 

b.  discriminate  targets  to  minimize  unwanted  damage; 

c.  fight  hurt-mirumize  damage  by  effective  assessment  and  rapid  restoration; 

d.  continuous  high  readiness  for  extended  periods; 

e.  self-sufficient-capable  of  independent  or  small  group  operations; 
f  improved  anti-terrorist  security; 

g.  improved  counter  targeting  through  decoys  and  deception  devices; 

h.  built  in  automatic  reconfigurability  of  ship's  systems  based  on  evolving 
threat  scenario/condition; 

i.  built  in  fault  identification  with  rapid  repair  capability;  and 

j.  combat  system  automation  with  preset  options  for  layered  self-defense. 
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3.  Combat  System  Description  and  Capability 

Figure  4*7  depicts  the  functional  arrangement  of  the  RDS-2010  combat  syston, 
including  major  data  flow  connectivity.  Geno'ri  design  attributes  include: 

a.  Primary  connectivity  between  elements  is  provided  by  a  multi-channel, 
multi-redundant  fiber  optic  ring  bus.  Environed  is  a  minimum  of  five  functionally 
redundant  data  buses  geographically  separated  within  the  ship  to  decrease  vulnerability. 
Each  system  has  multiple  channel  capacity  and  each  channel  has  the  capability  to  carry 
multiplexed  data.  Determination  of  data  types  and  flow  that  allow  use  of  multiplexing  vice 
dedicated  channels  must  be  determined  during  detailed  combat  system  design.  As  a 
minimum,  each  ship  enclave  contains  one  bus  manager  to  ensure  surviving  enclaves  have 
data  bus  capability.  The  application  of  the  Fiber  Optic  Data  Multiplexing  System 
(FODMS)  and  Fiber  Optic  Interior  Voice  Communications  System  (FOIVCS)  improves 
capability  and  enhances  survivability  while  reducing  ship  acquisition  cost,  primarily  via  the 
associated  weight  and  volume  savings. 

b.  Two  manned  Command  and  Decision  (C&D)  elements  (i.e..  Combat 
Information  Center  -  CIC)  are  provided,  one  acting  as  the  ship's  primary  CIC  (CIC  #1) 
and  the  other  an  alternate  CIC  (CIC  Wl).  Functional  redundancy  is  provided  between  these 
two  C&D  elements,  though  actual  hardware,  layout,  and  number  of  operator  stations  is 
scaled  down  in  CIC  #2.  The  two  CICs  are  located  in  separate  enclaves.  The  C&D  element 
utilized  the  available  sensors  and  external  information  data  stream  to  provide  the  necessary 
information  to  create  a  complete  tactical  picture.  The  computer  processing  power  required 
by  all  modules  of  the  C&D  element  is  distributed  amongst  the  modules  providing 
redundant  capacity  and  eliminating  processing  bottlenecks.  There  will  be  no  "central 
computer"  in  the  traditional  sense.  The  tactical  picture  created  must  be  complete  and 
coherent  enough  to  provide  necessary  reaction  time  for  ship  defense.  The  miyor  modules 
of  the  C&D  element  are: 
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(1)  Detect  and  Track.  This  module  determines  contact  detection  and 
develops  track  files  on  contact  data  received  from  various  ship's  sensors.  The  module 
exports  the  track  files  to  the  correlate  module  and  ring  bus  for  use  by  the  other  C&D 
correlate  module. 

(2)  Correlate.  This  module  develops  correlation  of  data  from  various 
detection  elements  on  and  off  the  ship  and  Detect  &  Track  module  to  develop  a  central 
track  file.  This  provides  precise  localization  and  identification  of  all  contacts.  The  central 
track  file  is  exported  to  the  C&D  control  element  and  ring  bus  for  use  by  the  other  C&D 
element's  C&D  module. 

(3)  Command  and  Decision  Module.  This  performs  assessment  of 
detection  tracks  as  friendly,  neutral,  or  enemy.  It  makes  engagement  decisions  and  sets  the 
engagement  priorities.  Additionally,  it  coordinates  own  ship  operations  with  the 
operations  of  other  ships  or  aircraft  in  the  task  force.  The  decision  to  engage  or  not  is 
made  in  this  module.  Capable  of  fully  automated  ship  self-defense  operation,  the  level  of 
automation  employed  is  determined  by  the  responsible  person  in  charge. 

(4)  Multipurpose  Consoles.  These  represent  generic,  programmable 
operator  interface  consoles  that  provide  the  man/machine  interface  with  all  modules  of  the 
C&D  element.  These  consoles  are  nulitarized  versions  of  modem,  commercial 
workstations.  Additionally,  there  is  a  large  screen  multifunctional  display  for  large  area 
geographic  display  of  tactical  situations. 

(5)  Wetqwns  Control  Module.  The  actual  weapons  selection  and 
engagement  coordination  is  performed  by  this  module.  It  also  maintains  an  inventory  of 
available  ordnance  and  carries  out  engagement  planning  needed  for  each  weapons  release. 
The  module  coordinates  the  use  of  individual  weapon  elements  to  prevent  interfo’ence 
between  own  ship  weapons  and  damage  to  friendly  forces.  Finally,  the  module  provides 
the  kill  assessment  for  each  individual  engagement. 
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c.  The  power  interface  module  provides  the  interface  managenient  function 
between  the  ship's  engineering  plant  electric  plant  control  module  and  the  combat  system 
with  regards  to  load  shed  command  and  coordination.  On  loss  of  electrical  generation 
capacity  due  to  casualty,  the  electric  plant  control  module  sends  a  load  shed  conunand  to 
the  combat  system,  essentially  conveying  available  generating  capacity  and  bus 
configuration.  The  interface  module  communicates  with  the  C&D  element  to  determine 
combat  system  needs  commensurate  with  tactical  situation.  With  a  balance  between  power 
requirements  (demand)  versus  generating  capacity,  the  power  system  interface  module 
transmits  shut  down°  commands  to  appropriate  combat  system  elements  and  also 
communicates  electric  plant  reconfiguration  requests  to  the  electric  plant  control  module. 

d.  Readiness  assessment,  fault  detection  and  localization.  The  survivability 
management  and  readiness  assessment  (SM/RA)  module  works  in  conjunction  with  the 
various  combat  system  element's  built-in  test  and  evaluation  (BITE)  capabilities  to  provide 
an  integrated  system  readiness  assessment.  All  the  combat  system  elements  must  have  this 
BITE  capability.  The  survivability  managemimt  sub-module  uses  the  system  status 
(readiness  assessment)  and  tactical  situation  (C&D  element)  to  direct  combat  system 
reconfiguration  to  employ  alternate  functionality  during  casualty  situations.  An  additional 
BITE  feature  is  the  requirement  that  all  combat  system  elements  provide  automated 
troubleshooting  capability.  This  enhances  fault  localization  and  subsequent  repair  to  place 
equipment  fiilly  operational  in  as  short  a  time  as  practical.  The  readiness  assessment  sub- 
module  provides  the  commanding  officer  and  tactical  action  officer  with  a  real-time 
comprehensive  assessment  of  the  ship's  ability  to  continue  fighting.  Additionally,  it  enables 
the  combat  system  officer  of  the  watch  and  en^neering  officer  of  the  watch  to  better 
coordinate  efforts  to  maintain/recover  mission  readiness  prioritized  to  current  mission 


°  a  shut  down  command  will  cause  a  device  specific  action  ranging  from  total  device  shutdown  to  placing 
the  device  in  a  power  savings  (standby)  mode 
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needs.  The  readiness  data  includes  current  status  of  mission  capabilities,  times  to  failure 
and  times  to  recovery.  Readiness  data  is  obtained  from  all  systems  including  auxiliaries 
that  supply  the  individual  combat  systems. 

e.  Survivability  and  reconfigurability.  System  survivability  is  enhanced  by  a 
number  of  design  features,  including; 

(1)  dual  C&D  element  fimctionality  which  is  geographically  sqrarated 
in  CIC  #1  and  CIC  #2; 

(2)  alternate  sensor  capability  in  all  spectrums  except  IR  detection; 

(3)  multiple,  redundant  connectivity  between  combat  system  elements; 

(4)  graceful  degradation  of  overall  system  capability  upon  partial 
power  loss  through  smart  load  shed  management. 

With  the  available  redundant/altemate  functional  capabilities,  system 
reconfiguration  is  practical  to  optimize  combat  system  employment  during  casualty 
conditions.  This  feature  is  addressed  in  Section  IV.C.3.d  above. 

f  Embedded  training.  The  integrated  combat  system  includes  an  embedded 
training  module  to  allow  realistic  threat  scenario  engagement  exercises.  These  truning 
scenarios  will  exercise  the  C&D  element  and  watchstanders.  Essentially,  this  entails  the 
capability  to  run  pre-programmed  engagement  scenarios  by  injection  of  track  and  other 
necessary  data  directly  onto  the  data  bus. 

g.  Embedded  support  service  management.  Primary  support  services  for  the 
combat  ^em  are  electrical,  chilled  wat«',  sea  water,  ambient  space  cooling  and 
dehumidification,  and  high  pressure  air.  With  the  enclaving  scheme,  each  enclave  has  fully 
self-contained  capability  with  the  exception  of  electrical  power  generation.  Electrical 
power  generation  is  limited  to  the  three  endaves  containing  the  two  engine  rooms  and  one 
auxiliary  machinery  space  aft.  Status  of  these  systems  is  maintained  by  Damage  Control 
Central  (DCCyCentral  Control  Station  (CCS)  and  the  engineering  plant  status  module. 
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Support  service  configuration  is  coordinated  with  required  combat  system  capability  as 
determined  by  the  tactical  situation  during  casualty  situations.  Maximum  capability  will  be 
maintained  consistent  with  availidile  capacity  remaining  during  casualties.  With  input 
to/from  the  survivability  management  system,  obtain  automatic  damage  control  actions 
can  be  accomplished  before  a  weapons  fut  occurs.  For  instance,  upon  detection  of 
appropriate  heat  and  smoke  levels  following  a  detonation  witiun  a  compartment,  the 
pertinent  fire  sprinklers  can  be  started  to  douse  the  fire  and  cool  adjacent  compartment's 
bulkheads  and  ventilation  dampers  can  be  automatically  closed.  Also,  the  electric  plant  can 
be  shifted  before  fire  removes  distribution  capability  that  is  routed  through  the  scene  of  the 
fire. 

h.  Automated  Communicatiom  Suite.  To  provide  maiming  reduction  and 
increase  external  communication  throughput,  the  external  communications  suite  is 
automated.  This  automation  allows  incorporation  of  the  external  communications  function 
as  an  integral  part  of  the  integrated  combat  systems  suite.  Features  such  as  automated 
electronic  message  routing  with  dispersed  remote  terminals  streamline  message 
dissemination.  Automated  external  connectivity  allows  integration  of  this  ship  in  a  task 
force/battle  group  scenario.  Export  of  sensor  data  and  import  of  weapons  command 
functions  extends  the  integrated  fighting  power  of  the  task  force/battle  group.  Import  of 
real  time  data  from  outer  sources  provides  a  coherent,  integrated  picture  of  the  battle 
space.  With  continuously  updated  information  the  ship  could  support  or  be  supported  by 
other  ships,  shooting  targets  its  own  sensors  cannot  detect. 
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D.  BATTLE  ORGANIZATION  AND  BATTLE  STATION  LOCATIONS 


The  manning  requirements  for  the  ship  drive  many  design  parameters,  especially 
in  the  H,  M  &  E  areas.  Manning  is  primarily  driven  by  watchstation  requirements  during 
battle  conditions,  and  driven  to  a  lesser  extent  by  normal  ship  operations.  For  this  reason, 
the  Battle  Organization  and  Battle  Station  Locations,  along  with  the  envisioned  manning 
plan  for  the  RDS-2010  are  included  in  this  chapter. 

The  ROS  20l0's  Condition  I  and  Comiition  III  Battle  Organizations  are  given  in 
Figures  4-8  and  4-9,  respectively.  The  connectivity  of  the  watch  organization  is  for 
supervisory  functions  only,  and  has  nothing  to  do  with  the  flow  of  information  to  each 
watch  station.  Since  each  watch  station  will  be  connected  to  the  data  multiplexed  ring  bus, 
all  watch  stations  will  have  access  to  any  desired  information.  The  watch  stations  that 
require  consoles  will  be  established  with  either  one  of  three  different  types; 

1 .  a  multi-purpose  console  capable  of  performing  any  watch  station  function, 

2.  an  Aegis-type  large  screen  multi-purpose  Command  and  Display  console, 

3.  or  a  watch  station  specific  console  used  only  for  local  equipment  control 
and  specific  functions. 

The  desired  capability  of  the  combat  system  watch  team  during  Condition  111  is 
that  it  can  fight  the  ship  in  a  short  duration,  limited  capacity  until  the  ship  can  man 
Condition  I  watch  stations.  The  RDS  20t0's  manning  will  allow,  with  minor  exceptions, 
all  watch  stations  to  be  stood  in  a  three  section,  4  hours  on/8  hours  off,  watch  rotation. 
This  will  allow  ample  time  for  the  off  watch  sections  to  conduct  training ,  maintenance  and 
housekeeping.  The  envisioned  manning  and  departmental  organization  of  the  RDS  2010  is 
shown  in  Table  4-7  and  Figure  4-10,  respectively.  It  is  understood  that  this  is  not  a  formal 
manning  document,  but  an  attempt  by  the  team  to  determine  the  number  of  personnel 
required  to  man  the  ship.  Additionally,  it  is  useful  for  analyzing  whether  this  number 
supports  the  reduced  manning  goal. 


81 


LEGEND 


TAO 

TACTICAL  ACTION  OFFICER 

DCC 

acs 

CIC  SUFERVISOR 

TDO 

TIC 

TACTICAL  INFORMATION  COORDINATOR 

EWS 

ARC 

AIR  RADAR  COORDINATOR 

IWS 

SRC 

SURFACE  RADAR  COORDINATOR 

AS 

IDS 

IDENTIFICATION  SUFERVISOR 

AO 

RC 

READINESS  CONSOLE 

ASUWC 

SWC 

SURFACE  WEAFONS  COORDINATOR 

OT3S 

TWOC 

TOMAHAWK  WBAFONS  CONTROL  CONSOLE 

nwcc 

SURFSUF 

SURFACE  NAV  SUFERVISOR 

ASWC 

ASWEC 

ANTI-SUBMARINB  WEAFONS  COORDINATOR 

UFCC 

AAWC 

ANTLAIR  WARFARE  COORDINATOR 

LCO 

ABAC 

ANTI-SUBMARINB  AIRCRAFT  CONTROLLER 

XO 

WCCO 

WEAFONS  CONTRCN.  CONSOLE  OFERATOR 

RM 

EWCO 

1 

1 

CSOW 

MKnSYS 

MK  n  SYSTEM  COORDINATOR 

EWTKR 

MSS 

MISSILE  SYSTEM  SUFERVISOR 

AlC 

MFCS 

MISStLE  FIRB  CONTROL  SUFERVISOR 

DAMAGE  CONTRCH.  COORDINATOR 
TACTICAL  DUTLA  Y  OTERATOR 
ELECTRONIC  WARFARE  SUFERVISOR 
INTELUGENCE  WATOI  SUFERVISOR 
ACOUSnC  SUFERVISOR 
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RADIOMAN 

COMBAT  SYSTEM  OFFICER  OF  THE  WATai 
ELECTRONIC  WARFARE  TALKER 
AIR  INTERCBFT  CONTROLLER 


Fignre  4>S.  CondHIoa  I  Battle  Organization. 
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COMBAT  SYSTEM  OFFKXR  OF  TOE  WATai 
MISSILB  FIRE  CONTROL  SUPERVISOR 


Figure  4-9.  Condition  111  Battie  Organization. 
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Table  4-7.  MANNING  FOR  THE  RDS  2010. 


DEPARTMENT 

OFFICERS 

CPO’S 

ENLISTED 

TOTAL 

SHIP  SUPPORT 

CO,  XO,  SUPPO 
(3) 

HMC,  MSC, 

SKC 

(3) 

HM.YN(2), 

PN  (2),  PC 

SH  (2),  SK(6) 

DK,  MS  (9) 

(24) 

30 

SHIP  CONTROL 

OPS,  CICO 

COMMO 

(3) 

OSC,  RMC, 
BMC,  QMC 
(4) 

RM  (4),QM  (2) 

SM  (2),  BM  (13) 
OS  (14) 

(35) 

42 

COMBAT  SYSTEM 

CSO,  FCO,  EMO, 

ORDO 

(4) 

ETC,  EWC, 
FCC  (3), 

GMC,  STC 
(7) 

EW  (4),  ET  (4) 

ST  (5) 

FC  (16),  GM  (8) 
IC(4) 

(41) 

52 

ENGINEERING 

CHENG,  MPA, 

DCA,  A+E 
(4) 

GSC  (2),  ENC, 
EMC,  DCC 
(5) 

GS  (12),  EM  (6) 

HT  (2),  DC  (5) 
EN(5) 

J30) _ 

39 

INTELL  DET 

(0) 

5 

MED  DET 

SURGEON,  P.A. 

NURSE 

(3) 

(0) 

HM(2) 

(2) 

5 

AIR  DET 

PILOTS 

(4) 

ATC 

(1) 

AIRCREW, 

AIR  TECHS, 

METEROLOGIC 

(14) 

19 

FLAG/STAFF 

(0) 

(0) 

(0) 

(0) 

AVAILABLE 

MANNING 

21 

21 

150 

192 

NOTES: 

1 .  The  Suppy  Officer,  Suppo,  will  handle  supply  and  administrative  matters. 

2.  The  entire  ship’s  company  will  have  their  food  prepared  in  the  ship's  galley. 

3.  The  PC's  will  handle  all  maintenance,  repair  and  operation  of  the  fire  control  and  data 
transfer  systems. 

4.  The  listed  ratings  include  designated  and  non-designated  personnel. 
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V.  HULL,  MECHANICAL,  AND  ELECTRICAL  FEASIBUJTY  STUDIES 


Once  the  ship's  nuyor  payload,  the  combat  system,  is  detennined  in  terms  of  specific 
elements  and  their  quantities,  then  the  element's  me,  weight,  power  and  service 
requirements  can  be  used  as  a  starting  point  for  determining  the  ship's  hull,  mechanical, 
and  electrical  characteristics  required  to  support  the  payload.  This  next  phase  of  the 
feasibility  studies  uses  a  computer  based  ship  design  tool,  supplied  by  NAVSEA,  known 
as  the  Advanced  Surface  Ship  Evaluation  Tool  (ASSET).  Within  ASSET  there  exists  a 
series  of  computational  modules  which  address  a  specific  domain  of  ship  design,  such  as 
hull  geometry,  hull  structure,  resistance,  propulsion,  machinery,  weight,  space, 
hydrostatics,  seakeeping,  manning,  or  cost.  Hirough  a  unique  conunand  language,  the  user 
directs  the  execution  of  the  modules.  In  using  the  input  support  module,  essentially  all  ship 
characteristics  which  are  known  a  priori  (i.e.,  such  as  the  above  mentioned  payload 
characteristics  and  the  defined  ship  performance  characteristics)  are  entered  into  and 
stored  in  this  ASSET  program's  data  bank.  The  designer  then,  through  various  commands, 
directs  the  program  to  iteratively  calculate  the  major  ship's  characteristics  until  the  data 
converges  on  a  solution.  The  modules  of  the  ASSET  program  have  been  designed  in  such 
a  way  as  to  provide  the  capability  of  design  synthesis  and  analysis.  The  converged 
solution,  however,  may  or  may  not  meet  all  the  desired  characteristics.  It  is  at  this  point 
that  the  ship  design  team  must  begin  tradeoff  decisions  in  an  attempt  to  gain  a  balanced 
ship  with  as  many  of  the  desired  characteristics  that  are  economically  and  technically 
feasible. 
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A.  INITIAL  CONVERGENCE 


Table  5-1  summarizes  the  miyor  ship's  characteristics  attained  during  the  first 
convergence  of  the  ship  RDS  2010  using  the  Monohull  Surface  Combatant  veruon  of  the 
ASSET  program.  Since  the  design  has  not  been  optimized,  the  complete  and  voluminous 
output  reports  of  ASSET  are  not  included  with  this  report.  The  primary  goal  at  this  stage 
of  the  feasibility  studies  was  to  gun  enough  experience  and  confidence  with  the  ASSET 
program  to  obtain  a  converged  design.  The  next  stage  of  feasibility  studies  will  be  to 
iterate,  using  ASSET,  and  attempt  to  optimize  the  design  using  the  top  level  design  goals 
and  performance  characteristics  for  guidance.  This  process  will  entail  making  design 
decisions,  attempting  to  balance  numerous  competing  design  goals  until  a  ship  is  obtained 
which  reasonably  meets  the  set  design  requirements  and  constraints.  The  ability  to  meet  all 
design  goals  simultaneously  is  in  no  way  guaranteed. 

Portions  of  this  feasibility  study  use  alternative  elements  to  those  selected  in  earlier 
phases  of  the  design.  This  was  necessary  because  of  the  inability  of  this  computer  program 
to  successfully  accommodate  electric  drive  with  electric  power  generation.  When  the 
design  team  attempted  to  use  the  electric  propulsion  generators,  each  main  machinery 
room  was  required  to  be  1 14  feet  in  length.  This  is  another  area  requiring  modification  in 
future  versions  of  the  ASSET  series  of  programs. 

In  general  the  size  of  the  ship  is  too  luge  for  the  present  payload.  Some  of  the  excess 
volume  and  length  is  due  to  the  use  of  the  double  hull  which  this  ASSET  program 
currently  does  not  incorporate.  It  also  appears  that  the  ASSET  program  is  heating  and 
ventilating  the  volume  in  the  double  hull.  A  decision  was  made  to  use  the  portion  of  the 
double  hull  volume  below  the  water  line  for  tankage,  so  this  also  needs  to  be  adjusted. 


87 


Table  5-1.  ASSET  Ship's  Design  Summary,  Initial  Convergence, 


NULL  OFFSETS  INO-  GENERATE  HIN  BEAM,  FT  60.00 
HULL  Om  INO-  BfT  MAX  BEAM,  FT  110.00 
MARGIN  LINE  IND-  CALC  HULL  FLARE  ANCLE,  DEC  .00 
HULL  STA  INO-  OPTIMUM  RMMtO  BULWARK,  FT  4.00 
HULL  BC  INO-  GIVEN 


;  I, I ■ .  >  I  0 wXA v 


#LBP,  FT 

4S0.00 

IPRISMATlC  COEF 

noni 

fLOA,  FT 

467.82 

IMAX  SEaiON  COEF 

0.950 

«BEAM,  FT 

63.78 

IHATEI»>LANE  COEF 

0.787 

«BEAM  •  WEATHER  DECK,  FT 

63.78 

ILCB/LCP 

0.506 

fDRAFT,  FT 

IS. 01 

HALF  SIDING  WIDTH,  R 

1.00 

«DEPTH  STA  0,  FT 

52. 9S 

BOT  RAKE,  R 

0.00 

iDEPTH  STA  3,  FT 

47.02 

RAISED  DECK  HT,  R 

0.00 

fDEPTH  STA  10,  FT 

38.  SO 

RAISED  DECK  FWD  LIM,  STA 

iDEPTH  STA  20,  FT 

39.25 

RAISED  DECK  AR  LIM,  STA 

iFREEBOARD  •  STA  3,  FT 

36.01 

BARE  HULL  DISPL.  LTON  7600.69 

iSTABILITY  BEAM,  FT 

63.78 

AREA  BEAM.  R 

43.39 

BARE  HULL  DATA  ON 

LML 

STARTirrY  lUTA  ON  LWL 

iLCTH  ON  WL,  R 

4S0.00 

KB,  R 

8.17 

iBEAM,  R 

63.78 

BMT,  R 

22.53 

iORAR,  R 

15.00 

KG,  R 

24.30 

IFREEBOARD  •  STA  3,  R 

36.02 

IFREE  SURF  COR,  R 

0.00 

iPRISMATlC  COEF 

0.650 

ISERV  LIFE  KG  ALW,  R 

0.00 

IMAX  SEaiON  COEF 

0.951 

MATERPLANE  COEF 

0.787 

GMT,  R 

6.39 

MATERPLANE  AREA.  R2 

22594.41 

CML,  R 

972.40 

WETTED  SURFACE.  R2 

29890.24 

fCMT/B  AVAIL 

0.100 

GMT/B  REQ 

0.100 

BARE  HULL  OISPL,  LTON 

7605.03 

APPENDAGE  DISPL,  LTON 

239.35 

FULL  LOAD  WT.  LTON 

7844.38 

B.  FINALIZATION  OF  MAJOR  SHIP  CHARACTTERISTICS  AND  COMBAT 
SYSTEMS  ELEMENTS 

The  previous  section  addressed  work  accomplished  during  the  first  academic  quarter, 
when  the  RDS  2010  was  modeled  computationally  and  the  synthesis  portion  of  ASSET 
used  in  order  to  ensure  convergence.  However,  at  that  time  the  cost  did  not  come  within 
the  limit  of  $350  million.  The  first  order  of  business  in  the  second  academic  quarter  was 
to  lower  the  cost.  To  make  the  design  economically  feasible  and  accq}table,  many  factors 
were  adjusted  to  bring  the  cost  within  a  workable  range.  Table  5-2  summarizes  the  major 
ship's  characteristics  attained  during  the  final  convergence  of  the  ship  RDS  2010  using  the 
Monohull  Surface  Combatant  version  of  the  ASSET  program. 


TABLE  5-2. 

ASSET  Summary,  Final  Run. 

PRINTED  REPORT  NO. 

1  -  HULL  GEONETRY  SUMMARY 

MIN  BEAM,  FT 

40.00 

MAX  BEAM,  FT 

S$.00 

HULL  FLARE  ANaE,  DEC 

7.00 

FORWARD  BULWARK,  FT 

4.00 

1  HULL  PRINCIPAL  DIMENSIONS  (ON  DWL) 

LBP,  FT 

390.00 

PRISMATIC  COEF 

0.650 

LOA,  FT 

409.31 

MAX  SEaiON  COEF 

0.919 

BEAM,  FT 

SS.OO 

WATERPLANE  COEF 

0.787 

BEAM  •  WEATHER  DECK,  FT 

60.27 

LCB/LCP 

0.515 

DRAFT,  FT 

15.01 

HALF  SIDING  WIDTH.  FT 

1.00 

DEPTH  STA  0,  FT 

45.00 

DEPTH  STA  3,  FT 

41.46 

DEPTH  STA  10,  FT 

36.50 

DEPTH  STA  20,  FT 

37.40 

FREEBOARD  f  STA  3,  FT 

30.46 

BARE  HULL  DISPL,  LTON 

5493.55 

STABILITY  BEAM,  FT 

55.00 

AREA  BEAM,  FT 

54.17 

1  BARE  HULL  DATA  ON  LWL 

STABILITY  DATA  ON  LWL  | 

LCTH  ON  WL,  FT 

389.99 

KB,  FT 

8.19 

BEAM,  FT 

55.00 

BMT,  FT 

16.92 

DRAR,  FT 

14.99 

KG,  FT 

19.59 

FREEBOARD  •  STA  3,  FT 

30.48 

PRISMATIC  COEF 

0.649 

MAX  SEaiON  COEF 

0.921 

WATERPUIC  COEF 

0.788 

GMT,  FT 

5.51 

WATERPLANE  AREA,  FT2 

16904.38 

CML,  FT 

763.36 

WETTED  SURFACE,  FT2 

22804.14 

BARE  WILL  DISPL,  LTON 

5496.68 

APPENDAGE  DISPL,  LTON 

225.04 

FULL  LOAD  WT,  LTON 

5721.71 
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The  cost  wts  significantly  reduced  tlvough  various  adjustments  of  hull  material, 
stiffener  spacing,  deddiouse  structure,  and  prindpal  dimensions.  The  hull  and  structural 
material  was  changed  tc  ^el  with  a  hi^m-  stroigth-to-wdght  ratio,  HY-80,  resulting  in 
a  significant  savings  weight  (200  tons).  This  in  turn  reduced  Uie  powering  requirement, 
shrinking  the  length  and  displacement  fiirther  because  of  the  decrease  in  fuel  required  for 
endurance.  Although  this  provided  a  significant  cost  savirgs  as  predicted  by  the  ASSET 
cost  module,  it  is  surmised  that  the  cost  reduction  in  the  real  world  might  not  have  been  as 
grand  because  of  the  added  labor  and  quality  assurance  procedures  associated  with 
welding  HY-80  steel. 

Stiffener  spacing  was  adjusted  from  a  ma]u<mum  allowed  spacing  of  24  inches  to  48 
inches,  permitting  the  Hull  Structures  module  of  ASSET  to  better  optimize  the  sizing  and 
placement  of  stiffeners  considering  the  complex  rdationship  between  the  stiffeners  and  the 
plating  to  which  they  are  welded.  The  use  of  enclaved  auxiliary  systems  and  fiber  optic 
cabling  will  minimize  the  amount  of  space  needed  in  the  overhead.  The  hull  average  deck 
height  vna  lowered  from  10.5  feet  to  9.95  feet  to  minimize  the  internal  volume  of  the  ship 
and  permit  the  addition  of  another  deck.  The  prismatic  coefBdent  was  adjusted  in  order  to 
attempt  a  positive  reduction  in  the  size  of  the  hull,  but  there  was  no  apparent  cost  or 
volume  savings.  Apparently,  the  initial  value  of  Cp  =  0.65  was  near  optimum.  The 
maximum  section  coefficient  was  adjusted  downward  as  frn  as  possible  within  the 
constraints  of  the  hydrostatic  limitations.  This  brought  about  savings  in  fiiel  usage  and  a 
higher  sustained  speed  as  a  result  of  lowered  resistance. 

At  the  time  of  initial  convergence  the  deckhouse  size  indicator  had  been  set  at  "max”, 
causing  the  deckhouse  to  extend  over  50%  of  the  ship  at  a  three  dedc  height.  This  was 
changed  to  "min”  so  that  only  the  volume  and  area  required  for  equipment  and  personnel 
would  be  generated,  reducing  the  deckhouse  weight  by  about  400  tons.  Additionally,  the 
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hull  flare  angle  and  the  deckhouse  side  angle  ofTset  were  changed  from  zero  to  seven 
degrees  in  order  to  reduce  the  effective  radar  cross-section  and  improve  i^pearance.  We 
removed  the  forward  auxiliary  machinery  room  after  assessing  the  machinery  requirements 
recommended  by  the  initial  convergence.  Removal  of  this  space  which  was  nearly  empty 
returned  approximately  10,000  ft^  of  internal  arrangeable  volume. 

The  double  hull  posed  some  challenges  because  the  ASSET  program  is  unable  to  deal 
directly  with  this  concept.  In  order  to  have  a  double  hull  volume  which  is  not  lighted, 
heated  nor  air  conditioned,  it  was  necessary  to  nuke  data  base  adjustments  in  the 
endurance  range  and  payload  to  account  for  the  extra  volume  available  for  tankage.  By 
not  lighting,  heating  nor  air  conditioning  the  double  hull  void,  a  significant  reduction  in 
electrical  power  was  realized.  The  double  hull  volume  below  the  waterline  is  used  for 
endurance  fuel  tankage,  while  the  volume  above  the  waterline  is  reserved  for  buoyancy 
and  for  increasing  internal  blast  resistance  against  anti-ship  missile  explosions.  The  issue  of 
whether  to  fill  these  spaces  with  an  energy  absorbing  material  or  to  leave  them  void  must 
be  resolved  during  subsequent  design  iterations. 

The  helicopter  hangar  area  was  reduced  by  half  as  the  helicopter  compliment  was 
reduced  from  two  to  one  for  cost  reasons.  The  associated  helicopter  payload  items  were 
also  reduced  as  required  to  support  only  one  helicopter.  The  reinforced  helicopter  deck 
remains  capable  of  supporting  the  larger  CH-S3  Sea  King  which  is  used  to  tow  a  mine 
clearing  sled  and  could  be  used  for  evacuation  of  U.S.  citizens  fix>m  political  hot  spots. 

These  changes  allowed  a  decrease  in  bare  Iwll  displacement  of  approximately  2000 
tons  to  the  current  design  displacement  which  is  lightly  under  5500  tons.  While  revisiting 
the  subject  of  heating,  we  determined  that  it  would  be  more  cost  effective  to  use  a  waste 
heat  boiler  to  carry  some  of  the  ship  hotel  heating  requirements.  With  a  smaller  ship,  the 
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lighting,  heating  and  ventilation  requirements  were  also  reduced,  allowing  a  smaller  ship 
service  gas  turbine  generator  set. 

The  use  of  integrated  electric  drive  was  abandoned  during  feasibility  studies. 
Designing  the  RDS  2010  with  this  developing  technology  was  unacceptable  on  the  basis 
of  the  technical  risk  and  cost  involved,  because  the  larger  machinery  rooms  needed  for  the 
current  generation  of  propulaon  generators  drove  the  ship  length  beyond  500  feet. 
Instead,  the  team  chose  four  propulsion  gas  turUnes  (two  per  shaft),  driving  a  standard 
mechanical  reduction  gear  drive  train,  as  the  propulsion  plant.  Two  of  the  three  slup's 
service  generators  are  powered  from  power  take-off  units  attached  to  the  reduction  gears, 
one  per  shaft,  to  meet  power  requirements  during  cruising  and  battle  conditions.  The 
remaining  ship's  service  generator  is  for  standby  use  and  is  powered  by  a  dedicated  gas 
turbine.  The  four  main  gas  turbines,  which  are  currently  the  smallest  available 
commercially,  are  larger  than  required  for  the  ship's  propulsion  and  electrical  power  needs. 
Use  of  even  smaller  propulsion  turbines  is  preferable,  since  the  mission  speed  requirements 
have  been  exceeded,  but  they  are  not  presently  available  in  production  models.  The  option 
of  going  from  the  four  small  gas  turbines  to  two  larger  gas  turbines  was  not  takai  because 
of  factors  affecting  machinery  plant  survivability  and  reliability.  The  fixed  pitch  propeller 
had  to  be  replaced  wKh  a  controllable  pitch  propeller  to  remain  compatible  with  this 
propulsion  train.  This  is  a  miyor  disadvantage  for  shallow  water  operation  because  of  the 
CRP  complexity  which  makes  it  less  robu^  than  a  fixed  pitch  propeller. 

To  minimize  the  technical  risk  involved  in  the  development  of  the  new  mortar  system, 
the  first  flight  is  designed  to  have  both  the  new  mortar  intern  and  the  current  version  of 
the  vertically  launched  ASROC. 
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C.  COST  REDUCTION  SUMMARY 


After  many  m^or  and  minor  changes,  we  came  to  the  point  of  diminishing  returns  on 
ship  modifications  for  the  sole  purpose  of  cost  reduction.  The  ship  cost  had  been  nearly 
halved  from  $8S0M,  yet  it  did  not  come  within  the  stringent  $3S0M  requirement.  There 
comes  a  point  in  many  phases  of  design  at  >^ch  one  phase  of  design  must  end  before  the 
next  phase  can  begin.  This  point  had  arrived  since  for  educational  purposed  we  needed  to 
proceed  to  the  next  phase  of  preliminary  design.  It  was  at  that  time  the  following  request 
for  an  adjustment  to  the  cost  ceiling  was  made. 

D.  REQUEST  FOR  ADJUSTMENT  TO  COST  CEILING 

During  the  first  academic  quarter,  the  RDS  2010  was  modeled  to  be  technically 
feasible,  however,  the  follow-on  ship  cost  did  not  come  within  the  limit  of  $350  million. 
To  make  the  design  economically  feasible  and  acceptable,  many  factors  were  adjusted  to 
bring  the  cost  within  a  workable  range.  Currently,  the  projected  cost  from  the  ASSET 
Cost  Analysis  Module  is  $809/47dM  for  the  first/follow-on  ships  respectively.  The 
projected  cost  as  determined  using  the  Gibbs  and  Cox  two  digit  cost  estimating  scheme 
was  S290M.  To  meet  the  mission  requirements  and  provide  adequate  self-defense,  the  cost 
ceiling  per  follow-on  ship  should  be  raised  to  $47SM.  This  is  strongly  recommended  in 
order  to  meet  the  nussion  requirements  without  degradation. 

Certain  features  of  the  vessel  could  be  modified  in  order  to  come  closer  to  the 
present  $3  SOM  cost  limit.  Two  likely  options  are;  1)  removal  of  the  LAMPS  III  system, 
or  2)  reversion  to  a  single  hull.  The  drawback  to  removal  of  the  LAMPS  III  system  is  a 
major  degradation  of  the  ASW  mission  area.  Additionally,  a  single  hull  ship  would  be 
considerably  more  vulnerable  to  missile  hits  and  mine  explosions.  If  capability  must  be 
removed  to  remain  within  cost  constraints,  the  options  are  recommended  in  the  given 
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order  because  the  likelihood  of  bdng  targeted  by  a  missile  is  higher  than  beii%  stalked  by  a 
submarine  at  long  range. 

In  the  current  political  environment  it  is  entirely  possible  that  no  new  class  of  ship 
will  ever  be  built.  As  shipyards  and  defense  contractors  recognize  this  feet  they  nnay 
con«der  a  reduction  in  profits  in  order  to  keep  the  production  lines  operating.  This  may 
serve  to  ameliorate  the  problem.  It  is  recommended  that  the  cost  ceiling  be  raised  to  $475 
million  dollars  for  follow-on  ships. 

E.  RESULT  OF  COST  CEILING  ADJUSTMENT  PROPOSAL 

The  above  proposal  was  approved  and  the  cost  ceiling  extended  to  $500  million. 
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VL  THE  ENCLAVED  SHIP 


Ship's  survivability  is  high  on  the  list  of  desi^  priorities.  This  is  due  to  the  empha«s 
in  the  "CNO  Tentative  Requirement  Statement*  (Section  II.A.3)  that  this  ship  be  highly 
survivable  and  minimize  mw  casualties.  The  design  team  conadered  a  major  design 
attribute  to  enhance  the  survivability  was  to  enclave  the  ship.  Enclaving  is  a  concept  for 
reducing  ship  vulnerability  by  dividing  the  equipment  associated  with  the  ship's  mission 
capabilities  into  subsets  which  can  be  located  in  different  autonomous  or  semiautonomous 
regions  within  the  ship.  This  minimizes  the  loss  of  mission  critical  functions  caused  by  a 
hostile  weapon  hit  and  nuudmizes  the  ability  to  fight  hurt.  Enclaving  is  the  synergistic 
zoning  of  the  combat  system  and  H,  M  &  E  ^sterns  into  r^ons  which  can  function 
independently  as  required  to  provide  a  subset  of  the  ship's  mission  capability.  Without  the 
positive  side  effects  of  this  synergism,  the  prospect  of  enclaving  could  be  too  costly  based 
on  the  installation  of  duplicate  system  elements.  In  addition  to  duplication  of  functionality, 
the  concept  of  alternate  functionality  of  equipment  is  used  to  enhance  the  enclaving 
concept.  By  this  we  mean,  for  instance,  the  d)iiity  to  use  a  surface  search  radar  as  a  less 
capable,  but  backup  air  search  radar.  When  survivability  and  cost  are  approached  from  the 
perspective  of  numbers  of  ships  available  to  fight,  a  more  survivable  ship  is  a  more 
valuable  asset  to  the  nation.  , 

There  are  two  types  of  decision  making  invcdved  in  designing  an  enclaved  combatant. 
Miyor  concqjtual  decision  makii^  is  usually  done  by  higher  authorities  while  the  actual 
engineering  tradeoff  dedsion  making  is  performed  1^  the  shipbuilder's  detailed  design 
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team.  Additionally,  since  the  combat  weapon  system,  H,  M  &  E  support  systems, 
propulsion  systems  and  other  necessary  ship's  systems  are  a  complex  total  ship  system 
package,  the  need  exists  for  an  iterative  design  approach  in  which  the  effects  of  certain 
decisions  are  monitored  for  overall  effect  and  modified  by  the  total  system  integrator  (ship 
design  managemmt  team).  The  design  challenge  is  to  enciave  wdiile  minimizing  the 
addition  of  duplicate  equipment.  As  the  art  of  interface  en^neering  evolves  and  standards 
are  narrowed,  the  ability  to  enclave  is  enhanced. 

The  goal  is  to  enclave  functionality  and  arrange  associated  support  systems  to  allow 
the  loss  of  a  single  enclave  without  reducing  the  support  services  required  by  the  other 
enclaves  to  maintain  their  combat  system  equipment  operational.  A  worthy  goal  is  to 
ensure  that  support  systems  not  included  in  an  enclave  are  available  from  the  adjacent 
enclave.  Each  enclave  is  provided  with  self-sufficient  damage  control  capability.  Electrical 
power  will  be  available  from  the  ship's  service  ring  bus  and  interior  communications  data 
will  be  available  from  the  fiber  optic  data  bus.  Although  the  central  damage  control 
console  will  be  located  in  the  Central  Control  Station,  each  enclave  will  get  its  automatic 
and  real  time  human  generated  damage  control  commands  via  one  of  the  five  fiber  optic 
data  buses.  For  the  sake  of  damage  control  and  mission  war  fighting  capability,  it  is 
desirable  that  the  personnel  be  berthed  within  each  enclave  near  their  general  quarters  or 
damage  control  station. 

For  the  sake  of  producibility  and  reduction  in  cost,  zones  have  been  established  that 
often  coincide  with  the  enclave  boundaries.  The  boundaries  extend  vertically  from  the  keel 
to  the  weather  deck  and  horizontally  for  two  to  four  subdivisions  (i.e.  compartments). 
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A.  FACTORS  AFFECTING  EQUIPMENT  COMBINATIONS 

There  are  a  number  of  factors  which  affect  the  actual  location  and  the  combinational 
synergism  of  equipment  placement.  These  factors  are  the  major  determinants  in  the  design 
teams  decision  making  process  when  it  came  to  locating  specific  equipment  onboard  the 
ship; 

1.  constraints  of  topside  arrangement; 

2.  collocation  of  interdependent  or  series  combat  system  equipment; 

3.  separation  of  functionally  parallel  combat  systems  equipment  by  at  least  one 
weapon  damage  perimeter; 

4.  enclave  boundaries  determined  by  existing  zones  (collective  protection,  fire, 
flooding,  etc.); 

5.  balance  enclaving  with  other  factors  of  the  ship  design  via  the  design  philosophy; 

6.  minimize  the  crossing  of  boundaries  for  ease  of  producibility; 

7.  armored  cable  ways  protect  fiber  optic  and  power  cables;  and 

8.  loss  of  a  single  enclave  will  not  degrade  other  enclaves. 

B.  ENCLAVE  ARRANGEMENT 

Table  6-1  lists  many  of  the  major  ship  systems  and  equipment  by  enclave.  Figure  6-1 
illustrates  the  physical  enclave  boundaries  overlaid  on  the  ship. 
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Table  6-1.  Location  of  Major  Equipment  and  Functions  by  Enclave. 


AN/SLR-24  SSTD 

Aft  Mast: 

SSES 

FwdMast: 

Mk  16  CIWS 

Mk92F2 

LCF4 

Mk92#i 

LAMPS  III  intetftce 

IFF 

LC«5 

SAR-8 

S(X^28  Lamps  Mk 

TACAN 

FP#3 

Funino 

III  elec 

SPS-67  surf  search 

CIC 

Mk-23  TAS 

Aviation  Support 

SPS-49  air  search 

Radio  Group  #1 

SPQ-9 

HIFR 

#2SVTT 

CW  Plant  #2 

SPS-64  surf  search/ 

Helo  rearm  and 

Alt  CIC 

Collective  Protection 

nav 

magazine. 

Harpoon  CLS 

Fans«2 

Pilothouse 

LC#7 

Harpoon  missile 

F2HPAC 

Nav  Center 

LC«8 

stcr  ; 

UUV 

«l  SVTT 

FP#5 

HWCC 

SRS-1  Combat  df 

SL(^32  Mk36 

Ammunition  storage 

SWG-IA  Harpoon 

C^ountermeasure 

Mk  16  CIWS 

Hospital  room 

Mk41  VLS  Launcher 

launchers 

DCC/CCS 

Pyro  storage 

(16  cell) 

ER#2w/GT«3&4 

Mortar  Launcher  #1 

JP5  Pump  room 

VLS.  'g dewatering 

«2VSCFGen/ 

LC  #3 

Steering  room 

system 

cycloconverter 

FP#2 

#2  Mk  31  RAM 

SWBD  2SG 

IC  SWBD  FWD 

PDMS 

SWBD2SA 

CW  Plant  #1 

RAM  missile  storage 

SWBD2SB 

C^llecUve  Protection 

Mortar  Launcher  #2 

Fans#) 

IC  SWBD  AFT 

Ammunition  storage 

Radio  Group  #2 

#1  EX-35  25mm 

LC«6 

w/stinger 

FP#4 

#2  EX-35  25mm 

CW  Plant  #3 

w/stinger 

Collective  Protection 

Countermeasure 

Fans  #3 

launchers 

F3HPAC 

ER#lw/GT#l&2 

AMRw/SSGTG 

#1  VSCF  Gen/ 

SWBD  3SG 

cycloconverter 

SWBD3SA 

SWBD  ISG 

SWBD  3SB 

SWBD  ISA 

SWBD  ISB 

IjiMlViAT 


Sonar  Equip  room 
Sonar  SW  pumps 
UWFCS 

Mk4l  VLS  Launclicr 
(16  cell) 

VLS  magazine  de¬ 
watering  system 
Combat  Maintenance 
Central 
Mk-Sd/S*  54 
Gun  mount 
Ammunition  storage 
hi  Mk3l  RAM 
PDMS 

RAM  missile  storage 

LC«1 

LC*2 

FP#1 

SWG-3A  Tomahawk 
SM-l/2  MFCS 
FIHPAC 


Figare6-1.  Enclave  Boundaries. 
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VII.  SHIP'S  ELECTRICAL  GENERATION  AND  DISTRIBUTION  SYSTEM 


The  origina]  vision  of  the  ship's  dectrical  generation  and  distribution  system  consisted 
of  an  integrated  electrical  drive  plant  with  ship's  service  power  drived  from  power 
conv^ers.  These  powo*  converters  would  change  the  unregulated  (voltage  and 
frequency)  propulsion  bus  power  to  60  Hz,  450  Vac  standard  shipboard  power.  This 
scheme  had  many  merits  in  an  enclaved  ship  due  to  the  natural  distributed  ship's  service 
power  generation  that  results.  As  mentioned  in  Chapter  S,  however,  the  integrated  electric 
drive  option  had  to  be  dismissed  due  to  difficulties  in  manipulating  the  ASSET  program. 

We  did  maintain  a  form  of  propulsion  derived  ship's  service  power,  however.  The 
propulsion  plant  is  a  standard  two  gas  turbine  per  shaft  mechanical-reduction  gear  coupled 
system.  There  are  power  takeoff  (PTO)  units  on  each  reduction  gear  coupled  to  high 
speed,  high  frequency  generators.  The  output  of  these  generators  feed  a  solid-state  power 
converter  which  conditions  the  power  to  regulated  three-phase,  60  Hz,  450  Vac  standard 
ship's  service  power.  To  achieve  the  required  n-1  redundant  capacity,  a  third  ship's  service 
gas  turbine  generator  (SSGTG)  is  included  in  the  plant  design. 

By  using  PTO  fed  generators,  the  need  for  dedicated  prime  movers  for  two  of  the 
three  ship's  service  power  sources  is  removed.  This  should  decrease  weight  and  increase 
available  volume  within  the  ship.  In  addition,  high  speed  generators  are  smaller  and  lighter 
than  equivalent  power  60  Hz  generators. 

The  distribution  scheme  chosen  is  a  standard  three  power  source  ring  bus 
configuration.  Enclaving  is  enhanced  by  using  a  modified  zonal  distribution  scheme  off  the 
ring  bus  with  multiple  load  centers  strate^cally  placed  throughout  the  ship.  Figure  7-1 
shows  the  ring  bus  structure.  Figure  7-2  shows  the  geographic  locations  of  the  generators 
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and  load  centers.  Figure  7*3  indicates  the  interconnectivity  of  the  power  distribution 
system  and  nuyor  ship's  loads. 


SSOTO 


Figure  7-1.  Bus  Tie  Diagram. 
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VUL  SHIP  DESCRIPTORS 


There  is  some  overlap  between  the  end  of  feasibility  stuifies  and  the  start  of 
preliminary  design.  In  some  respects,  all  work  performed  after  the  first  successful 
convergence  of  an  ASSET  run  could  be  considered  prefiminary  design.  On  the  other  hand, 
it  could  be  argued  that  preliminary  design  b^an  after  the  major  modifications  to  the  iiutiai 
de»gn  concepts  were  completed  and  a  revised  cost  ceiling  was  approved.  One  obvious 
departure  from  actual  practice  was  our  use  of  ASSET  beyond  the  feaaibiiity  stuifies,  into 
what  traditionally  is  con^ered  prdiminvy  design.  This  adds  to  the  "fog”  which  surrounds 
the  delineation.  Additionally,  design  aspects  such  as  electricai  plant  design  and  combat 
system  definition,  which  did  not  use  ASSET  in  any  substantial  way,  make  h  hard  to  say 
which  work  actions  were  feasibility  studies  and  wWdi  were  preliminary  design. 

At  the  completion  of  the  design  process,  however,  we  have  a  ship  design  CiMt  would 
be  typical  of  the  work  presented  at  completion  of  preliminary  design.  Clearly,  the  details 
and  rigor  of  analysis  is  lacking  due  to  die  rfiort  time  duration  and  minimal  human 
resources  available  to  complete  the  work.  Hie  previous  chapters  have  shown  some  of  the 
non-naval  architectural  design  products  fi’om  prelimiiuuy  design.  This  chapter  presents  the 
naval  architectural  "ship  descriptors".  Some  of  these  Hems  were  produced  by  ASSET 
whereas  other  were  completed  by  members  of  the  design  team. 

One  of  the  many  tasks,  from  the  fiwuhy,  was  to  provide  the  following: 

1)  comfdete  lines  drawing,  to  mchide  sheer,  body  and  waterfine  plans; 

2)  disfdacement  and  other  curves; 

3)  curve  of  static  stabiUty; 

4)  general  arrai^ements  drawings,  showipg  arraiigement  for  eadi  dedc; 
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5)  detailed  compartment  vrangement  drawii^  for: 

-  ClCand 

•  pilothouse; 

6)  discussion  of  hull  damage  length  chosen  (and  why); 

7)  floodable  length  curve  illustrating  damage  length  criterion  is  satisfied; 

8)  structural  report  consisting  of: 

-  wdght  curve, 

-  load  curve  for  hull,  and 

-  midships  section  design. 

A.  NAVAL  ARCHITECTIIRAL  CURVES 

1.  Httfi  GcooMtiy 

The  ship's  lines  describe  the  form  of  the  ship's  hull,  and  are  presented  in  a  series 
of  two>dimensional  drawings  refereed  to  as  the  lines  drawing.  The  three  basic  projections 
are  the  sheer  plan,  the  half-breadth  plan,  and  the  body  plan.  Figure  8-1  shows  these 
projection  of  ships  lines  for  the  RDS-2010,  without  modifications  made  during  preliminary 
design.  These  projections  were  produced  manually,  usiitg  data  generated  by  the  ASSET 
program.  Note  that  ASSET  did  not  include  the  hull  mounted  SONAR  bow  dome. 

2.  HuB  Cocflkients 

The  form  coefficients  which  apply  to  tins  ship's  hull  form  were  calculated  by 
ASSET  and  plotted  as  a  function  of  draft.  Figure  8-2  shows  the  variation  of  the  block 
coefficient  (C,),  prismatic  coefficient  (Cp)  and  waterplane  area  coefficient  (C^p)  versus 
draft.  Note  the  design  draft  was  diosen  to  be  15  feet. 
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3.  DisplaccnieBt  and  other  curves 

The  hydrostatic  curves,  also  known  as  the  Curves  of  Form,  v/trt  produced  by 
ASSET  for  the  RDS-2010  hull  without  the  bow  SONAR  dome.  These  curves  are  shown 
in  Figure  8-3  and  include  the  following  items  as  designated  here; 

A  Displacement  in  salt  water  (DISPL)  -  {Note:  the  dretfi  used  for  this  end 
alt  the  other  curves  is  the  mecn  dretfi  to  the  bottom  of  the  keel) 

B  Moment  to  trim  one  inch  (MTl) 

C  Tons  per  inch  immersion  (TPl) 

D  Transverse  metacentric  radius  (BMT) 

E  Longitudinal  metacentric  radius  (BML) 

F  Center  of  buoyancy  above  bottom  of  keel  amidships  (KB) 

G  Change  in  displacement  per  unit  trim  by  stem  (CIDITS) 

H  Wetted  surface  area  (WSURF) 

/  Longitudinal  center  of  buoyancy  (LCB) 

J  Longitudinal  center  of  flotation  (LCF) 
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4.  Static  Stability 

All  ship  designs  require  sufficient  initial  stability  and  buoyancy  to  enable  the  ship 
to  withstand  the  effiscts  of  external  influences  and  internal  movements.  Intact  criteria 
consists  of  a  mimber  of  requirements  including  withstanding  the  effect  of  beam  winds, 
lifting  of  heavy  weights  over  the  side,  towline  puli,  crowding  of  personnel  to  one  side, 
high  speed  turning,  and  topside  icing. 

Beam  wind,  when  combined  with  the  ship's  roll,  is  typically  the  governing  case 
for  intact  stability.  For  this  ship  design,  the  ship  must  be  expected  to  weather  the  full  force 
of  tropical  cyclones.  The  criteria  for  adequate  stability  under  adverse  wind  and  sea 
conditions  is  based  on  a  comparison  of  the  ship's  righting  arm  curve  and  the  wind  heeling 
arm  curve.  Figure  8-4  is  the  static  stability  curve  and  wind  heeling  arm  curve  produced  by 
ASSET  for  the  RDS-2010. 

Stability  is  considered  satisfactory  if  (1)  the  heeling  arm  at  the  intersection  of  the 
righting  arm  and  heeling  arm  curves  is  not  greater  than  60%  of  the  maximum  righting  arm; 
and  (2)  the  area  between  the  two  curves  to  the  right  of  their  intersection  is  not  less  than 
140%  of  the  area  between  the  two  curves  to  the  left  of  their  intersection.  Inspection  of 
Figure  8-4  shows  that  both  of  these  criteria  are  met. 

To  examine  the  high  speed  turn  sUd)iiity  problem,  the  turn  heeling  arm  curve  is 
plotted  on  the  same  graph  as  the  static  stability  curve.  This  is  shown  for  the  RDS-2010  in 
Figure  8-5.  The  following  criteria  must  be  satisfied  to  ensure  adequate  stability;  (1)  the 
angle  of  steady  heel  does  not  exceed  10  degrees,  (2)  the  heeling  arm  at  the  intersection  of 
the  righting  arm  and  heeling  arm  curves  are  not  more  than  60%  of  the  maximum  righting 
arm,  and  (3)  the  reserve  of  dynamic  stability  (area  between  the  two.  curves  to  the  right  of 
their  intersection)  is  not  less  than  40%  of  the  total  area  under  the  righting  arm  curve. 
Examination  of  Figure  8-S  shows  that  all  criteria  are  met. 

110 


Uft3aJI> 


-RIGHTING  CRM 


4JIN0  HEEL  ARM 


-80  -10  0  10  80  30  40  50  G0  70  80  90 

h€EL  ANGLE.  DEC 


DISPLACEMENT,  LTON 
KG,  FT 


INTACT  STATIC  STABILITY 

5721.79  LCG  FWD  MIDI,  FT 

19.59  WNO  SPEED,  KT 


-5.8 

100.0 


FigHre8-4.  Static  SbibUty  Cvrvc  with  Wind  Hcdfaig  Am. 


Ill 


un3:ai> 


^€EL  ANGLE,  OEG 


INTACT  STATIC  STABILITY 


DISPLACEMENT,  LTGN 
KG,  FT 


572 J. 79  LCG  LOCC^IE  FWO  MIDI,  FT  -5.8 

15.59  TURN  SPEED,  KT  E6.4 

TURN  RADIUS,  FT  818.6 


Figare  8-5.  Static  StaMity  Carve  with  Tam  Hediag  Am. 
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Additionally,  the  Damage  (Underwater  flooding)  Criteria  must  be  verified  as 
satisfactory.  For  ships  over  300  feet  in  length  without  a  side  protection  syston,  such  as  the 
RDS-2010,  the  ship  must  be  able  to  withstand  flooding  from  a  shell  opening  equal  to  15% 
of  the  ship's  length  at  any  point  fore  and  aft  along  the  length.  The  following  items  must  be 
met  to  satisfy  this  flooding  criteria;  (1)  the  static  trimmed-heded  waterline  after  damage 
does  not  submerge  the  margin  line;  (2)  the  static  heel  angle  without  wind  effects  does  not 
exceed  15  degrees;  (3)  adequate  dynamic  stability  exists  to  absorb  the  energy  imparted  to 
the  ship  by  moderately  rough  seas  in  combination  with  beam  winds  (this  is  the  area 
between  the  righting  arm  curve  and  wind  heel  arm  curve);  (4)  the  righting  arm  curve  is 
terminated  at  the  45  degree  point.  Figure  8-6  shows  the  righting  arm  curve  and  wind  heel 
arm  curve  for  the  RDS-2010  as  generated  by  the  ASSET  program. 
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B.  ARRANGEMENTS 


The  ship  design  team  was  tasked  with  completing  some  internal  and  topside 
arrangements.  Internal  space  allocation  level  of  detail  arrangements  were  completed  for  all 
internal  spaces.  In  addition,  detailed  compartment  arrangements  were  completed  for  the 
primary  Combat  Information  Center  and  the  pilot  house.  Firudly,  the  topside  arrangements 
were  completed,  ensuring  proper  placement  of  combat  system  sensors  and  engagement 
elements  to  allow  for  maximum  combat  effectiveness. 

1.  Internal  Arrangements 

Figures  8-7  through  8-13  show  the  general  (space  allocation)  arrangements  of 
the  03  through  01  deck  levels,  and  the  main  through  fourth  deck  levels,  respectively.  The 
goal  here  was  to  ensure  that  sufficient  space  was  allocated  for  all  functions  as  defined  by 
the  ASSET  program  and  to  ensure  that  the  location  of  these  spaces  met  the  overall  ship 
design  goals.  Specific  emphasis  was  placed  on  ensuring  the  int^ty  of  the  enciaving 
philosophy. 
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Figare  8-7.  03  Levd  Goieral  Arrangements. 
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FigareS-19.  IhuMge Coatrol Deck Gcaaral ArrufcaMats. 
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Figarel-12.  Srd  Deck  Gcaend  AnuBgcinciiti. 
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2.  Detailed  arraageaieBt 

Two  spac«i,  the  primaiy  Combat  Information  Centers  (CIC)  and  the  pilot 
house,  were  arranged  in  detail.  Figures  8-14  and  8-15  show  these  results. 
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Figare  8-14.  Primaiy  CIC  Detailed  Arrangemeiit 
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3.  Topside  Arrangement 

The  goal  in  top^e  arrangements  is  to  obtain  a  topside  l^out  which  maximizes 
combat  system  effectiveness  and  still  allows  for  operational  requirements.  The  design  team 
felt  that  a  need  to  follow  a  specific  design  process  was  required  jn'  order  to  support  such  a 
goal.  The  team  agreed  to  use  the  following  process; 

a.  review  mission  requirements  and  design  constraints, 

(1)  identifying  elements  needing  to  be  high  and 

(2)  identifying  elements  needing  clear  arcs  of  fire; 

b.  identify  required  topside  elements; 

c.  prioritize  need/satisfaction  for  dements; 

d.  layout  ship  model; 

e.  assess  ship  performance;  and 

f  iterate  until  performance  is  acceptable. 

Based  on  this  process  we  fdt  that  optimum  locations  were  chosen  for  the 
topside  components.  Potentially  competing  requirements  such  as  maintaining  the  enclaving 
scheme  topside,  ensuring  adequate  arcs  of  coverage  for  detection  and  engagement 
elements,  while  minimizing  the  overall  impact  on  operational  requirements,  had  to  be 
reconciled.  Figure  8-16  shows  the  location  of  the  major  topside  components  (primarily 
combat  ^stem  detection,  track  and  engagement  dements). 

During  the  topside  arrangement  phase,  the  arcs  of  coverage  of  the  various 
weapons  systems  had  to  be  checked  for  adequate  coverage  and  minimal  interfonence.  This 
was  done  solely  on  a  geometric  scale  and  did  not  involve  the  use  of  any  blockage 
assessment  models. 
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AAV  SELF  DEFENSE 
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Wgare  8-17.  Arcs  of  coverage  for  AAW  leif-defeiiie  weapone. 
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Figure  8-18.  Arcs  of  coverage  for  ship's  guns. 
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ASW  DEFENSE 
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Figure  8-19.  Arcs  of  coverage  for  skip's  ASW  defense  weapons. 
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C.  HULL  DAMAGE  AND  FLOODABLE  LENGTH 


Before  a  discussion  of  hull  danuige  and  floodable  length  can  begin,  several  hems 
must  be  defined  for  the  purpose  of  clarity.  These  items  are: 

Bulkhead  deck  ->  The  bulkhead  deck  is  the  un)emi08t  deck  to  which  the  transverse 
watertight  bulkheads  extend. 

Margin  tine  —  The  margin  Une  is  a  line  drawn  paraUd  to,  and  a  ndnimum  of  tluee 
inches  below,  the  bulkhead  deck  at  the  side. 

Permeability  —  Permeability  is  the  percentage  of  volume  in  a  wpwct  that  can  be 
flooded.  It  is  expressed  as  the  ratio  of  available  volume  to  total  volume. 

Floodable  length  —  Floodable  length  is  the  maximum  length  that  a  given  longitudinal 
position  within  a  ship  can  be  symmetrically  flooded  at  the  prescribed  permeability  without 
sinking  below  the  margin  line. 

Factor  of  subdivision  —  The  fiKtor  of  subdivision  is  an  arbitrary  factor  ^plied  to  the 
floodable  length  to  obtain  the  permissible  length  of  compartments  within  a  ship.  The  factor 
of  subdividon  is  prescribed  by  national  and  interiMtional  rules  and  conventions  as  a 
function  of  ship  length  and  type  of  service.  Generally,  the  factor  of  subdivision  ensures 
that  one,  two  or  three  compartments  must  be  flooded  before  the  ship  settles  to  the  margin 
line.  Ships  designed  to  these  rules  are  sometimes  called  one-,  two-,  or  three-compartment 
ships  with  reference  to  their  damaged-stability  capabilities. 

Permissible  length  —  The  permissible  length  of  a  compartment  within  a  ship  is 
obtained  by  multiplying  the  value  of  the  floodable  length  at  the  centn-  of  the  compartment 
by  the  factor  of  subdivision. 

Curve  of  floodable  length  -  The  curve  of  floodable  length  is  a  curve  wdiich  at  every 
point  in  its  length  has  an  ordinate  representing  the  length  of  ship  that  may  be  flooded  with 
the  center  of  length  at  Uiat  point  without  submerging  the  margin  line. 
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1.  Numerous  conskter^Jons  are  involved  in  deterndniiig  the  c^timum  arrai^ement  of 
subdivisiora  for  a  naval  combatant,  but  the  principal  fiictors  are: 

a.  ability  to  survive  underwater  damage; 

b.  protection  ofvital  spaces  agairat  flooding; 

c.  biterference  of  subdivision  with  arrangements; 

d.  interforence  of  subdivision  vrith  access  and  systems; 

t.  provision  for  carrying  liquids; 

f  possibiltty  of  bow-colfision  damage;  and 

g.  possibility  of  stranding. 

There  are  always  conflicts  among  these  various  factors,  hence  their  rdative  importance 
must  be  determined. 

For  the  design  of  RDS-2010  the  flrst  four  factors  were  conridered  to  be  most 
important  thereby  driving  the  design  to  have  transverse  bulkheads  placed  as  shown  in 
Figure  8-20.  The  standard  rule  used  by  the  U.S  Navy  for  floodable  length  calculations  is 
that  the  ship  be  able  to  accept  damage  to  the  hull  whidi  results  in  an  operung  to  the  sea  of 
fifteen  percoit  of  the  length  between  perpendiculars  without  submerging  the  margin  line. 
This  value  for  the  RDS-2010  is  58.5  feet.  This  means  that  the  derign  rmist  accept  a 
damage  length  of  58.5  feet  anywhere  in  tlw  hull.  This  damage  length  requires  that  the 
RDS-2010  be  a  four-compartment  ship. 

2.  Referring  to  Figure  8-20,  it  is  seen  that  for  a  contimious  permeability  of  0.95  the 
design  meets  the  required  damage  length  and  is  in  fiu^t  a  firur-compartment  ship.  If  the 
permeability  of  each  subdivision  was  updated  to  the  actual  value,  the  floodable  length 
curve  would  move  upward  resulting  in  larger  floodable  lengths,  inqrroving  the  apparent 
survivability  of  the  design.  The  plot  of  the  floodable  length  curve  shown  in  Figure  8-20 
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depicts  the  worst  case  scenario  (total  ship  permeability  equal  to  0.95)  to  ensure  that  the 
design  criteria  were  met. 

Reference  [5]  provides  more  information  on  the  construction  of  a  Boodable  length 
curve. 


FlgareS-29.  FloMlabIc Lcagth Cirvc. 


133 


D.  SHIP  STRUCTURE  REPORT 
1.  Ship  Stnictaral  Loads 

The  size  and  principal  charscteriMics  of  a  ship  are  determined  primarily  by  its 
mission,  intended  service,  and  cost.  In  additbn  to  basic  functional  consideratioin  there  are 
requirements  such  as  stability,  bw  resistance  and  high  propulrive  efficiency,  good  sea 
keeping,  and  navigatbnal  limitation  on  draft  or  beam,  afl  of  which  influence  the  dx>ice  of 
dimensbns  and  form.  The  ship's  stnicture  must  be  designed,  withm  these  and  other  basic 
constraints,  to  sustain  all  of  the  loads  expected  to  arise  in  its  seagoing  environment.  In 
contrast  to  land  baaed  structures,  the  ship  does  not  rest  on  a  fixed  foundation  but  derives 
its  entire  support  from  buoyant  forces  exerted  by  a  dynamic  and  ever  changing  ocean 
environment,  which  is  both  the  friend  and  enemy  of  the  ship. 

The  structural  components  of  a  ship  are  frequently  designed  to  perform  a 
multiplicity  of  functions  in  additbn  to  that  of  providing  the  structural  int^rity  of  the  ship. 
Furthermore,  nuuiy  strength  members  serve  dual  functions.  For  example,  bulkheads  that 
constitute  substantially  to  the  strength  of  the  Iwll  may  also  serve  as  watertight  boundaries 
of  internal  compartments.  Their  locatbns  are  dictated  primarily  by  the  required  tank 
volume  or  subdivision  requirements. 

The  loads  that  the  ship  structure  must  be  designed  to  withstand  have  many 
sources.  There  are  static  components  which  conrist  prindpally  of  the  weight  and  buoyancy 
of  the  ship  in  calm  waters.  There  are  dynanuc  components  caused  by  wave  induced 
motions  of  the  riiip,  and  by  slamming  or  qiringmg  m  waves,  as  well  as  vibratory  loads  by 
the  propdier  and  nmchinery,  all  of  which  range  over  different  fi-equency  ranges.  An 
important  characteristic  of  these  bad  components  is  their  variability  vrith  location  and  time 
(North  Atlantic  conditions  in  January  are  flu  fimn  being  the  same  as  Mediterranean  in 
July),  and  with  the  particular  voyage  (lightship  versus  fUlly  loaded  conditions). 
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Furthermore,  the  ioedf  imperted  hy  the  eee  are  random  in  nature,  and  therdbre  the  ship's 
structural  behavior  can  be  expressed  only  in  probidNlistic  terms. 

a.  Four  prindpal  mechamsms  are  recognized  as  causing  most  of  the  cases  of 
ship  structural  ftihire,  aside  from  collision  or  groumfing.  These  modes  of  fiuhire  are  as 


fbllows: 

(1) 

excessive  tensile  or  compressive  yield; 

(2) 

budding  due  to  compressive  or  shear  instability; 

(3) 

fiUigue  crackir^  and 

(4) 

brittle  flacture. 

The  problem  of  ship  structural  design  then  consists  of  the  selection  of  material  types, 
flame  spacing,  flame  and  stifiener  sizes,  and  plate  thicknesses,  becoming  an  int^rated 
part  of  the  design  spiral. 


b.  It  is  convenient  to  divide  the  loads  acting  on  the  ship  structure  into  four 
main  cat^ories,  based  partly  upon  the  nature  of  the  load  and  partly  upon  the  ship's 
response: 

(1)  Static  loads  are  loads  that  change  only  when  the  wei^t  of  the  ship 
changes.  These  include: 

(a)  weight  of  the  ship  and  its  contents; 

(b)  static  buoyancy  ofthe  ship  at  rest  or  in  motion; 

(c)  thermal  loads  residting  fit>m  temperature  gradients  within 
the  hull;  and 

(d)  concentrated  loads  caused  by  dry  doddiig  or  grounding. 

(2)  Low  flequency  dynanuc  loads  are  loads  that  vary  in  time  with 
periods  ranging  fi-om  a  few  seconds  to  several  minutes,  therefore  th^  do  not  result  in  any 
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appreciable  resonant  amplification  of  the  stresses  induced  in  the  structane.  These  can  be 
broken  down  into  the  following  components; 

(a)  wave  induced  hull  pressure  variations; 

(b)  hull  pressure  variations  caused  by  transient  ship  motions; 
and 

(c)  inertial  reactions  resulting  fimn  the  acceleration  of  the  mass 
of  the  diip  and  its  coiUents. 

(3)  High  fiequency  dynande  loads  are  time  varyh^  loads  of  suflBdently 
high  fi’equency  that  they  induce  vibratory  response  of  the  ship  structure.  Some  of  the 
exciting  loads  may  be  quite  small  in  m^nitude  but,  as  a  result  of  resonant  amplification, 

can  give  rise  to  large  stresses  and  deflections.  Examples  of  such  dynamic  loads  include  the 

0 

following; 

(a)  hydrodynamic  loads  induced  by  propulsive  devices; 

(b)  loads  inqrarted  to  the  hull  by  reciprocating  or  uidudanced 
machinery; 

(c)  hydrostatic  loads  resultii^  fium  interaction  of  appendages 
with  the  flow  past  the  ship;  and 

(d)  wave  induced  loads  due  primarily  to  short  waves  whose 
fi'equency  of  encounter  overlaps  the  lower  natural 
fi-equendes  of  hull  vibration,  called  springing. 

(4)  Impact  loads  are  loads  resulting  fix>m  slanuning  or  wave  impact  on 
the  bow,  including  the  effects  of  green  water  on  deck.  In  a  naval  ship,  weapon  effects 
constitute  a  very  important  cat^ory  of  impact  loads.  Impact  loads  may  induce  tranaent 
hull  vilwation  that  is  called  whi/^ng. 


isktvum 
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c.  The  most  important  classes  of  loads  are  the  static  loads  r^lting  from  the 
ship's  weight  and  buoyancy,  and  the  low  frequ«)cy  dynamic  loads,  while  springing  loads 
are  important  in  very  long  flexible  ships  such  as  the  Great  Lakes  carriers.  In  addition  to  the 
above  four  main  categories,  there  may  exist  specialized  operational  loads,  which  may  be 
the  dominant  loads  for  certain  ship  types.  Examples  of  such  loads,  which  may  be  dther 
static  or  dynamic,  are; 

(1)  ice  loads  in  the  case  of  a  vessd  intended  for  ice  breaking  or  Arctic 


navigation; 

(2)  loads  caused  by  impact  with  other  vessels,  as  in  the  case  of  tugs  and 

barges; 

(3)  impact  of  cargo  handling  equipment; 

(4)  structural  thermal  loads  imposed  by  special  cargo  carried  at 
extreme  temperature  and/or  pressures; 

(5)  sloshing  and  impact  loads  on  internal  structures  caused  by 
movements  of  liquids  in  tanks;  and 

(6)  aircraft  or  helicopter  landing  forces. 

2.'  Static  loading. 

The  two  main  categories  involved  in  static  loading  are  the  wdght  of  the  hull  and 
its  components  and  buoyancy,  as  shown  in  Figure  8-21.  The  individual  loads  may  have 
both  local  and  overall  structural  effects.  A  very  heavy  piece  of  machinery  induces  large 
local  loads  at  the  points  of  attachment  to  the  ship;  therefore  its  foundation  must  be 
designed  to  distribute  these  loads  evenly  into  the  hull  structure.  Simultaneously,  the 
weight  of  this  piece  of  machinery  contributes  to  the  distribution  of  shear  forces  and 
bending  moments  acting  along  the  length  of  the  hull. 
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:  HULL  OnOE* 


Figure  8-21.  Static  loadi  and  ttmctnrai  retpongc. 
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The  geometrical  arrang^nent  aiKl  resuhing  Mress  and  deflection  patterns  of  typical 
ship  structures  are  such  that  the  associated  response  a  usually  divided  into  three 
components,  as  shown  in  figure  8-21.  The  primary  response  is  the  response  of  the  entire 
hull,  when  bending  and  twisting  as  a  beam,  under  the  external  longitudiiud  distribution  of 
vertical,  lateral,  and  torsional  loads.  Study  of  this  response  constitutes  the  longitudinal 
strength  calculations  and  are  usually  performed  in  ship  structural  arudyris  and  design.  The 
secondary  response  comprises  the  stress  and  deflection  of  a  single  panel  of  stiffened 
plating.  The  loading  of  the  panel  is  normal  to  its  plane,  and  the  boundaries  of  the 
secondary  panel  are  usually  formed  by  oth«^  secondary  panels,  such  as  side  shell  and 
bulkheads.  The  tertiary  response  describes  the  out  of  plane  deflection  and  associated  stress 
of  an  individual  panel,  and  its  boundaries  are  formed  by  the  stiffeners  of  the  secondary 
panel  of  which  it  is  a  part.  The  last  two  responses  can  be  evaluated  using  the  familiar  laws 
of  structural  member  response  from  solid  mechanics. 

A  typical  longitudinal  distribution  of  weight  and  buoyancy  for  a  ship  afloat  in 
calm  water  is  illustrated  in  Figure  8-22.  In  the  lower  part  of  this  figure  is  plotted  a  curve 
(I)  of  buoyancy  force  per  unit  length,  which  is  equal  to  the  weight  density,  pg,  of  the 
water  times  the  sectional  area.  For  any  waterline  shape,  the  buoyancy  curve  can  be  easily 
obtained  from  the  Bonjean  curves.  The  upper  curve  (2)  of  Figure  8-22  shows  the 
longitudinal  distribution  of  the  weight  force,  which  essentially  consists  of  a  book-keeping 
process  in  which  every  item  aboard  the  ship  is  recorded  and  assigned  to  a  particular 
location.  The  total  load  acting  on  the  ship  is 

f(x)  =  b(x)-w(x). 

where  b(x)  is  the  buoyancy  per  unit  length,  and  w(x)  the  wdght  per  unit  length.  The 
conditions  for  static  equilibrium  require  that  the  intend  of  the  total  load  over  the  ship 
length  and  the  integral  of  the  lonfptudinal  moment  of  the  load  curve  each  be  zero.  As  in 
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standard  beam  calculations,  the  shear  force  at  some  location  x,  is  equal  to  the  integral  of 
the  load  curve, 

and  the  bending  moment  is  the  int^ral  of  the  idiear  force 

It  can  be  observed  that  the  shear  force  and  bending  moment  are  aero  at  the  bow  and  the 
stem,  as  they  ought  to  be  since  the  ship  is  essefrtially  a  free-free  beam  restii^  on  an  elastic 
foundation.  Besides  the  still  water  buoyancy  curve  at  the  design  waterline,  two  other 
conditions  are  traditionally  studied,  as  shown  in  Figure  8-22.  The  first  is  that  of  a  wave  of 
length  equal  to  the  length  vf  the  ship  located  with  its  crest  at  amid^ps,  and  this  condition 
is  called  hogging.  The  second  wave  condition  traditionally  studied  is  that  of  a  wave  whose 
trough  is  located  amidships,  and  this  condition  is  called  sagging.  Although  no  dynamic 
affects  arc  considered  in  the  sagging  and  hogj^ng  conditions,  they  can  be  used  to  provide 
extreme  loading  conditions  for  comparative  or  dengn  purposes  when  combined  with  the 
appropriate  ship  loading  condition. 
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Figure  g.22.  Static  loads,  shear,  and  bending  moment 


3.  Wave  induced  loading. 

The  principal  wave  induced  loads  are  those  previously  referred  to  as  low 
frequency  dynamic  loads  or  loads  involving  ship  and  wave  motions  that  result  in  n^gible 
dynamic  stress  amplification.  The  calculation  of  the  bending  moment,  shear  force,  and 
torsional  loading  on  a  ship  hull  due  to  waves  requires  a  knowledge  of  the  time  varying 
fluid  pressure  distribution  over  the  wetted  surface  of  the  hull  together  with  the  distribution 
of  the  inertial  reaction  loads.  The  fluid  loads  depend  on  the  wave  induced  motions  of  the 
water  and  the  corresponding  ship  motions,  which  in  turn  depend  on  the  fluid  loads.  One 
popular  solution  to  this  complicated  problem  involves  the  use  of  strip  theory,  where  the 
ship  a  divided  into  narrow  transverse  strips.  This  allows  the  reduction  of  a  three 
dimensional  problem  into  a  family  of  two  dimensional  problems  that  are  easier  to  solve. 
The  results  then  are  integrated  along  the  length  of  the  hull. 

a.  One  of  the  important  assumptions  of  linear  strip  theory  is  that  both  the 
wave  and  ship  motion  amplitudes  are,  in  some  sense,  small.  As  a  result  it  is  possible  to 
consider  the  total  instantaneous  vertical  force  on  a  thin  transverse  strip  to  be  composed  of 
the  sum  of  several  terms  that  are  computed  independently  of  each  other.  Two  of  these 
forces  are  the  still  water  buoyancy  and  weight  of  the  element  of  the  ship  length,  in  other 
words  the  static  loads  from  the  previous  section.  The  remaining  forces  are  time  varying 
and  result  from  inertial  reaction  and  from  the  water  pressures,  and  can  be  divided  into  the 
following  categories: 

(1)  A  wave  pressure  force  component  computed  as  though  the 
presence  of  the  ship  does  not  disturb  either  the  incident  waves  or  the  dynamic  pressure 
distribution  in  those  waves.  This  is  called  the  Froude-Krylov  force. 

(2)  A  wave  pressure  forc^  component  computed  from  the  properties  of 
the  diffracted  wave  system.  These  waves  result  from  the  reflection  and  distortion  of  the 
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incident  waves  as  they  impinge  upon  the  ship,  and  is  called  the  diffraclion  force.  Together 
with  the  Froude-Krylov  force,  it  is  sometimes  referred  to  as  the  wave  exciting  force. 

(3)  A  t«in  proportional  to  the  instantaneous  vertical  displacement  of 
the  ship  strip  from  its  mean  position,  as  if  in  calm  water.  This  is  adled  the  hydrostatic 
restoring  force  and  is  equal  to  the  change  in  the  mean  static  buoyancy  of  the  element. 

(4)  A  term  proportional  to  the  instantaneous  vertical  velocity  of  the 
element,  called  a  damping  force. 

(5)  A  term  proportional  to  the  instantaneous  vertical  acceleration  of  the 
element  called  an  added  mass  force.  The  added  mass  and  damping  forces  are  also  known 
as  the  radiation  forces  since  as  a  result  of  the  ^p  motions,  a  wave  system  that  radiates 
away  from  the  ship  is  generated. 

The  first  two  of  the  above  forces  are  computed  as  though  the  ship  moves 
steadily  forward  through  the  waves  but  experiences  no  oscillatory  motion  response  to  the 
wave  forces.  The  last  three  forces  are  computed  as  though  the  ship  is  undergoing  its 
oscillatory  wave  induced  motion  while  moving  at  a  steady  forward  speed  through  calm 
water.  Within  the  assumptions  and  limitations  of  linearity,  such  a  breakdown  is 
permissible. 

In  addition  to  the  sum  of  the  above  forces  q(x)^  there  must  be  added  the  inertial 
force  -m(x)a^pK  unit  length,  where  m(x)  is  the  mass  of  the  strip  and  a,  is  the  vertical 
absolute  acceleration  of  the  ship  strip.  The  wave  induced  loading  per  unit  length  is  then 

and  the  wave  induced  shear  force  and  bmling  moment  are  obtuned  by  successive 
integrations  of  the  load. 

Figure  8-23  illustrates  the  different  components  of  the  load  distribution  at  a 
fixed  time  for  a  typical  Mariner  class  cargo  ship  moving  through  a  simple  sinusoidal  wave 
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Figure  8-23.  Typical  wave  induced  ship  loads. 
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of  unit  amplitude.  We  can  see  that  the  total  loading  conasts  of  a  number  of  tears  of  similar 
magnitude  which  may  differ  in  »gn  and  phase.  There  may  be  cancdlation  or  reinforcement 
among  the  different  components,  with  the  remit  that  the  total  loading  may  be  larger  or 
smaller  than  any  individual  component.  This  cancellation  or  reinforcement  varies  along  the 
ship  length  and  also  varies  with  the  frequency  of  wave  encounter. 

Although  the  above  discussion  vns  made  with  a  view  towards  vertical  ship 
motions  (heave  and  pitch),  a  similar  concept  can  be  applied  for  the  horizontal  motions 
(sway  and  yaw).  The  transverse  distribution  of  wave  loads  is  also  necessary  to  compute 
the  secondary  or  tertiary  response  of  structural  components  such  as  panels  of  stiffened  or 
unstiffened  plating. 

b.  Finally,  the  above  deterministic  load  can  be  extended  through  the  use  of 
statistical  analysis  techniques,  to  reflect  the  probabilistic  nature  of  wave  loads.  The 
statistical  quantities  that  are  usually  of  concern  in  ship  strength  investigations  are  divided 
into  three  categories; 

(1)  Short-term  mean  and  extreme  values.  These  refer  to  the  period  of 
time  of  a  few  hours  during  which  the  sea  remains  statistically  stationary  under  normal 
climatic  conditions. 

(2)  Long  term  mean  and  extreme  values.  These  refer  to  a  longer  time 
period,  days  or  years,  during  which  the  sea  state  may  vary  widdy  from  calm  to  severe 
storm  conditions.  The  long  term  response  may  be  thought  of  as  an  accumulation  of  short 
term  responses  to  different  sea  states,  each  having  uniform  or  statistically  stationary 
characteristics. 

(3)  Cumulative  cyclic  values.  These  refers  to  long  term  cyclic  loading 
that  may  cause  fatigue  danuge  to  the  structure,  even  under  moderate  to  low  level  of 
bending  moment  and  stress. 
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B.  LONGITUDINAL  STRENGTH. 


The  term  longitudinal  strength  refers  to  the  overall  structural  bdwvior  of  a  slup  as  a 
thin  walled  hollow  beam  under  the  influence  of  the  previouriy  mentioned  bendii^  moment 
and  shear  forces.  Lon^tudinal  strength  calculations  are  predomiiuuitly  used  for  midship 
section  synthesis  and  the  overall  ship  structural  integrity  evaluation. 

In  simple  beam  bending  theory  used  in  basic  ship  structural  analysis,  the  following 
assumptions  are  made: 

1.  Kinematic  assumptions  from  dmientary  Euler-Bernoulli  beam  theory,  which 
neglect  the  bending  from  shear  effects.  TIm  kinematics  describe  the  deformation  of  the 
beam  without  regard  to  the  forces  on  the  beam. 

a.  Plane  sections  remain  plane  before  and  after  deformation,  no  shear  or 

warping. 

b.  Plane  sections  normal  to  the  line  of  centroids  remain  normal  before  and 

after  deformation,  no  shear.  These  two  assumptions  mean  that  o. 

c.  Strains  are  sufficiently  small  so  that  the  cross  sectional  geometry  does  not 
change;  no  Poisson  effects.  This  means  that  ty=E,=y^-0. 

d.  Beam  slopes  are  small. 

e.  Beam  cross  section  is  prismatic.  This  is  optional  but  is  usually  the  case  in 
ship  struct' 'res. 

2.  Ph>.>ics  assumptions  describe  the  materia]  behavior. 

a.  The  material  obeys  Hooke's  law;  force  is  linearly  proportional  to 
displacement. 

b.  The  material  is  isotropic  (has  the  same  properties  in  every  direction  at  one 
point)  and  homogeneous  (materid  properties  are  the  same  at  all  points)  in  the  y-z  plane. 
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c.  Stress  field  is  one  dimensional,  the  only  s^nificant  stress  is  along  the  x>axis 
of  the  beam. 

A  sketch  of  the  coordinate  description  and  the  positive  bendh^  moment  convention 
is  shown  in  Figure  8-24.  The  x-axis  defines  the  centroid  of  the  cross  section  provided  the 
first  moments  of  area  are  zero 

l^ytfydx-l^vfydz^Q. 

For  homogenous  cross  sections,  the  centroidal  axis  is  the  same  as  the  neutral  axis  in 
bending,  which  is  defined  as  the  line  or  plane  of  zero  strain.  The  ififierential  equiUion  for 

the  elastic  curve  for  a  symmetrical  beam  is 

n,w-  =  M(x), 

where  w  is  the  deflection,  E  the  Young's  modulus  of  elasticity  of  the  material,  /,  the 

second  moment  of  area  of  the  beam  cross  section  around  the^axis  through  its  centroid, 
and  M(x)  the  bending  moment. 

In  terms  of  the  load  per  unit  length  f(x)^  tiie  equation  can  be  written  as 

Eiy^f(x) 

Solution  of  this  equation  by  multiple  integrations,  requires  four  boundary  conditions,  and 
since  the  ship  is  a  free-free  beam,  these  are  zero  shear  and  moment  at  the  two  end  points. 
The  longitudinal  stress  at  station  x  is  related  to  the  bending  moment  by 


where  z  is  the  vertical  distance  fiom  the  neutral  axis.  From  the  above  equation  it  is  clear 
that  the  extreme  stresses  are  found  at  the  top  or  bottom  of  the  beam  i^iere  x  takes  on  its 
numerically  largest  values.  For  a  positive  bending  moment,  the  top  of  the  beam  is  in 
compression  and  the  bottom  is  in  tension. 
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One  variation  of  the  above  beam  equation  is  of  importance  in  ship  structures.  It 
concerns  beams  composed  of  two  or  more  material  of  difierent  moduli  of  elasticity,  for 
example,  steel  and  aluminum,  which  may  between  the  main  huO  and  superstructure.  In  this 

case,  the  flexural  rigidity  El,  is  replaced  by  the  fart^ral  and  the  neutral  axis 

is  located  at  a  height  such  that 

f^E(zJzd4  =  0. 

From  the  previous  stress  equation  it  can  be  seen  that  there  is  a  discontinuity  in  the 
stress  distribution,  whereas  the  strain,  e,  =  0,  /  £,  will  be  continuous  where  two  different 

nraterialsjoin. 

C  RDS  2010  ANALYSIS 

A  detailed  structural  analysis  was  performed  on  the  RDS  2010,  using  the  structural 
module  contained  in  the  ASSET  program  and  is  presented  in  the  Feasibility  Output 
Report,  included  as  Appendix  D.  Detailed  buoyancy,  weight  and  load  curves  were 
produced  using  information  from  the  ASSET  output  and  are  presented  in  Figure  8-25.  The 
buoyancy  curve  was  computed  by  converting  the  sectional  area  curve  to  a  force  per  length 
curve  by  dividing  the  respective  areas,  at  each  station,  by  35  tons/ft’.  The  wdght 
distribution  curve  was  developed  by  using  the  one  digit  weight  groups  and  their  respective 
LCG's  from  the  ASSET  output,  and  converting  them  into  uniform  loads  centered  about 
their  LCG's.  The  load  curve  was  developed  by  taking  the  difference  between  these  two 
forces.  As  Figure  8-25  displays,  there  are  two  critical  points,  located  at  the  ship's  quarters, 
that  must  be  analyzed  more  fully  in  the  later  portions  of  prdiminary  design.  The  sharp  load 
changes  at  these  points  may  be  reduced  when  a  more  detiuled  wei^t  distribution  is 
known.  Once  this  updated  weight  distribution  is  devdoped,  and  these  points  still  present  a 
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(tons/ft,  tons  or  fl-tons) 


proUem,  the  hull  will  have  to  be  reinforced  near  the  area  of  the  critical  points  to 
compensate  for  the  sharp  changes  in  load. 
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BUOVANCV.  WEIGHT  AND  LOAD  CURVES  FOR  STILU  WATER 


Figare8-25.  Stfl  water  force  carves. 


ISO 


Figures  8-26  and  8-27  display  the  buoyancy,  weight  and  load  curves  for  the  hogging  and 
sag^ng  conditions  respectively.  The  two  tnioyancy  curves  for  the  two  qua«-static 
conditions  of  hogging  and  sagging  were  devdoped  by  constructing  Boiyean  curves  for  the 
hull  form,  and  balancing  the  hull  on  a  trichoidal  wave  of  the  correct  length  and  Iwight.  Due 
to  the  tools  available  to  complete  this  task,  and  the  time  available,  the  hull  form  was  not 
exactly  "balanced"  on  the  wave.  The  difference  between  the  areas  under  the  buoyancy  and 
wdght  curves  for  the  two  cases  is  on  the  order  of  five  percent,  at  most.  The  difficult  task 
was  to  achieve  equilibrium  by  aligning  the  coitroids  of  the  areas  beneath  the  respective 
curves.  The  inability  to  achieve  this  equilibrium  caused  the  shear  force  and  bending 
moment  curves  to  yield  erroneous  results. 
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BUOVANICV.  WEIOHT  and  load  curves  rOR  HOOOINO  CONDITION 


(•ngtH  (ft) 


FigttreS-26.  Hogglag  coadition  force  carvcf. 
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force  (tons/fl,  tons  or  ft-tons) 


eUOVANCV.  weiOHT  AND  LOAD  CURVES  rOR  SAOOINiO  CONDITION 


langtH  (rt> 


Figure  S-27.  Sagging  condition  force  curves. 
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As  Figure  8-28  shows,  the  shear  force  and  bending  moment  curves  do  not  return  to 
zero  at  the  end  of  the  ship.  This  error  would  be  alleviated  if  the  centroids  of  the  respective 
areas  could  be  aligned.  AlthtHigh  the  curves  do  not  correctly  represent  the  shear  force  and 
bending  moment,  the  maximums  of  these  are  of  the  order  needed  for  design  purposes. 

Using  an  early  estimate  for  midship  section  design,  the  required  design  bending 
moment  can  be  determined.  The  empirical  formulas  available  to  obtain  this  estimated 
moment  are; 


where  C  represents  a  constant  depending  on  the  ship  type  and  bending  condition  (hogging 
or  sagging), 

BM„  =0.000457fLS/>;“B 

for  the  hogging  condition; 

BA/,*a00038iriB?/*B. 

A  typical  value  of  C  for  a  ship  of  this  type  is  approximately  30,  for  both  bending 
conditions. 

Using  these  equations,  the  design  bending  moment  is  approximately  80,000  FT- 
LTON.  As  Figure  8-28  displays,  the  bending  moment  using  the  erroneous  curve  is 
approximately  200,000  FT-LTON  in  still  water,  if  the  same  bending  moment  curve  was 
plotted  for  the  hogging  and  sagging  conditions  it  would  be  shown  that  the  maximum 
bending  moment  value  is  approximately  250,000  FT-LTON.  Further  refinement  of  the 
weight  distribution  curve  would  bring  these  results  closer  to  the  estimated  bending 
moment. 
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»  BUOVANCV.  WEIGHT  AND  LOAD  CURVES  FOR  STILL  WATER 


O  1  OO  200  300 


Figure  S-28.  Still  water  force  and  bending  moment  curves. 
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D.  MIDSHIP  SECTION  DESIGN 

The  midship  section  was  designed,  through  thousands  of  iterations  using  the  ASSET 
Hull  Stnictures  Module,  and  is  shown  in  Figure  8-29.  Information  concerning  the  size  and 
placement  of  scantlings  and  stiffeners  can  be  found  in  the  ASSET  Feasibility  Output 
Report,  Appendix  D. 


Figure  8-29.  RDS  2010  Midship  section  design.. 
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IX.  DESIGN  EVALUATION 


Once  the  feasibility  studies  and  prdiminary  design  phase  have  been  completed,  the 
design  team  must  step  back  and  perform  an  evaluation  of  design  efforts  to  date.  The 
design  is  assessed  in  a  number  of  ways,  based  on  top  levd  design  qiedficatioitt  and 
mission  requirements: 

1)  The  ship  meets  stated  performance  ^  ....ding 

(a)  speed,  endurance,  and  other  performance  based  attributes;  and 

(b)  systems  installed  to  perform  designated  missions. 

2)  The  ship  meets  given  cost  and  'political*  goals. 

3)  The  ship  meets  stated  survivability  goals. 

The  first  two  elements  above  are  actually  part  of  the  iterative  design  process.  Assuming 
that  the  design  requirements  and  goals  were  clearly  stated  and  then  implemented,  then  the 
design  process  will  constantly  revisit  whether  the  design  matches  the  original  set  of 
requirements.  For  instance,  using  the  ASSET  program,  one  input  is  desired  cruinng  speed. 
The  ship  design  which  ASSET  produces  is  iterated  until  this  performance  goal  is  met. 
Other  performance  based  attributes  are  sinulariy  met  during  the  ASSET  iterative  cycle. 

During  the  combat  system  definition  process,  the  threat  scenarios  were  evaluated  to 
ensure  the  combat  system  was  adequate.  This  included  not  only  the  ^sterns  installed,  but 
numbers  of  engagement  elements  and  number  of  rounds  required. 

The  cost  goal  was  not  met,  but  the  fiiculty  raised  to  cost  ceiling  based  on  our  analysis 
and  the  desire  not  to  ^ve  up  critical  capabilities  of  the  ship.  The  "political"  goals  are  more 
subjective,  as  equally  hard  to  design  to  as  they  are,  to  evaluate  the  success  of  meeting 
them. 
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The  last  item,  meeting  stated  survivid)ility  goals  still  needs  to  be  assessed  in  some 
manner,  however.  The  total  ship  survivability  assessment  is  divided  into  four  phases; 

1 )  Cover  mtd  Deception  -  the  d)ility  to  remain  undetected  or  prevmt  the  enemy 
from  obtaining  a  fire  control  solution  accurate  enough  to  launch  a  weapon 

2)  Dweat  Destruction  and  Evaaon  -  the  ability  to  intercept  and  destroy  or 
divert  threat  weapons 

3)  Damage  Tolerant  Design  -  addresses  the  loss  in  mission  capability  due  to 
weapons  impact 

4)  Damage  Control  and  Repair  -  addresses  the  ship's  ability  to  recover  mission 
capability  lost  due  to  the  weapons  hit 

Note  that  the  first  two  items  are  what  is  typically  called  the  susceptibility,  whereas  the  last 
two  deal  with  the  ship's  vulnerability. 

A  low  design  priority  was  given  to  the  cover  and  deception  aspects  for  the  most  part. 
This  is  due  to  the  ship's  mission  of  operating  close  to  shore.  There  was  a  conscious  effoit 
to  reduce  the  ship's  infrared  and  radar  cross-sections,  however.  Oversized  stacks  were 
designed  to  reduce  the  gas  turbine  exhaust  temperatures.  Shaping  of  the  ship's 
superstructure  was  done  to  reduce  RCS.  There  is,  however,  no  way  for  the  design  team  to 
evaluate  the  effectiveness  of  these  efforts. 

The  threat  destruction  and  evasion  capability  is  directly  related  to  the  types  and 
numbers  of  defensive  weapons  placed  on  the  ship.  As  shown  in  Chapter  4,  threat  scenario 
evaluations  were  completed  in  the  AAW  war&re  area  to  ensure  adequate  numbers  and 
types  of  AAW  engagement  elements.  Similaiiy  analysis  still  needs  to  be  performed  for  the 
ASUW  and  ASW  warfare  areas. 

The  tolerance  of  the  design  to  battle  damage  is  addressed  by  the  enclaving  scheme 
and  associated  systems  architectures.  Similarly,  the  ability  of  the  ship/crew  to  control  and 
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repair  damage  is  directly  related  to  the  phy^al  design  attributes  of  the  ship,  including  the 
survivability  management  system  and  automated  damage  control  systons.  Again,  however, 
there  is  no  firm  method  for  the  design  team  to  assess  the  performance  of  these  concepts. 

The  tools  to  evaluate  the  ship's  systems  readiness  and  survivability  are: 

1 )  readiness  logic  diagrams  (RLDs); 

2)  system  deactivation  diagrams;  and 

3)  physical  arrangements  of  the  ship. 

The  system  deactivation  diagrams  are  ne^ssary  and  appropriate  for  detailed  analysis  for 
cause  and  effect  of  damage  on  specific  elements  and  systems.  However,  the  complexity  of 
this  approach  precluded  the  design  team  from  using  this  tool. 

The  design  team  did,  however,  develop  a  set  of  RLDs  at  the  first  level  of  detail 
for  four  mission  areas  (AAW,  ASUW,  ASW,  and  MOB).  These  were  combined  vdth  the 
physical  layout  of  the  ship  to  perform  a  ship  system  survivability  assessment  at  the  enclave 
level  of  detail. 

The  RLDs  were  developed  based  on  the  required  operational  capabilities 
(ROCs)  by  mission/warfare  category  and  the  actual  ^sterns  designed  into  the  ship.  Figures 
9-1  through  9-4  show  the  RLDs  for  the  AAW,  ASUW,  ASW,  and  MOB  mission  areas, 
respectively. 

The  "M"  and  "C"  readiness  rating  levels  apply  to  warfare  and  composite  areas, 
respectively.  Table  9-1  shows  the  relative  definition  of  the  mission  readiness  rating  levels. 
The  level  indicates  the  readiness  level  rating  due  to  a  component  or  mission  area 
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Figare  9-2.  ASUW  ResdfaMSf  Logic  Diogriiii. 
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loss.  The  lower  level  values  are  roUed-up  to  produce  the  higher  level  values,  and  finally 
the  composite  scores. 

TABLE  9-1.  Mission  Readiness  Rating  Level  DEFiNmoNs. 


Rating  Levd 

Capabm 

Ml.  Cl 

90-100% 

M2.C2 

70-89% 

M3.  C3 

60-69% 

M4.C4 

1-59% 

M5.  C5 

No  Capability 

Using  these  RLDs  in  coiyunction  with  a  pineal  layout  of  the  ship,  an  enclave  levd 
readiness  assessment  was  completed.  This  assessment  reveals  the  ship's  readiness 
condition  due  to  the  loss  of  a  dngle  oidave.  Loss  of  an  enclave  means  the  loss  of  all 
elements  functionality  contained  with  the  enclave  (i.e.,  if  the  No.  1  Mk-92  is  within 
enclave  2,  then  loss  of  enclave  2  means  loss  of  any  capability  associated  with  the  No.  1 
Mk-92).  Loss  of  an  enclave  does  not  decimate  all  system  pass  through  capability, 
however.  The  assumption  is  that  due  to  the  redundancy  designed  into  systems  such  as 
electrical  distribution,  fiber  optic  ring  bus,  fire  main  water,  high  pressure  air,  etc.,  that  at 
least  partial  pass  through  capacity  remains  short  of  catastrophic  ship  damage.  Any  damage 
which  is  so  severe  to  destroy  not  only  all  elements  within  an  enclave,  but  also  destroy  all 
systems  which  merely  pass  through  the  enclave  would  likdy  result  in  immediate  diip  loss. 

Within  each  enclave,  each  mission  area  (AAW,  ASUW,  ASW,  and  MOB)  was 
evaluated  using  the  RLDs  to  see  what  each  area's  readiness  assessment  score  ("M"  rating) 
was  upon  loss  of  the  systems  within  that  endave.  The  individual  mission  area  ratings  were 
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then  rolied-up  into  a  composite  sa>re  to  reveal  the  ;;!hip's  total  readiness  condition 
resulting  from  loss  of  the  enclave. 

Figure  9-S  illustrates  these  results.  Note  that  the  ship  is  ftirly  well  balanced,  with 
each  endave  loss  resulting  with  a  slup's  composite  score  of  C3.  The  excq>timi  is  \oaa  of 
enclave  5.  The  CS  rating  for  enclave  5  is  due  to  the  assumption  that  both  screws  are  lost  if 
enclave  5  is  lost,  resulting  in  toUd  loss  of  propulsion.  Arguments  may  be  made  tiiat  from 
an  operational  sense,  loss  of  all  propulsion  does  not  result  in  a  zero  capable  ship.  From  a 
combat  system  vanU^e,  loss  of  enclave  S  only  d^rades  the  ship  to  a  C3  levd.  Hus 
argument  cannot  be  resolved  until  their  is  recoi^liation  between  the  present  method  of 
reporting  readiness  aitd  a  more  appropriate  scoring  method  usable  for  real-time,  from  the 
scene  ship's  readiness  assessment  reporting. 
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Enclave#!  !  Enclave #2 1  Enclave #3  I  Enclave #4  !  Enclave #5 


Figure  9-5.  Enclave  level  survivability  assessment 
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Appendices 


A  through  D 


DESIGN  HISTORY 


28  SEP  92  TS4002/4003  course  sequence  introduction  given  by  Professors 

Charles  N  Calvano  and  Francis  B  Fassnacht.  The  de«gn  team  consists 
of  LCDR  Dwight  Alexander,  LCDR  Dean  Cottle,  LT  Kent  W.  Kettell, 
and  LT  Jeff  Riedel.  Received  a  CNO  Tentative  Requirement  Statement, 
written  in  operational/political  terms  for  a  new  class  of  surface  ship. 
FPS  2010.  As  a  review  of  requir«nents  determination  and  setting,  the 
first  objective  is  to  assist  the  CNO  in  developing  a  formal  acquisition 
requirements  statement  with  which  he  can  task  NAVSEA  to  design  and 
procure  the  ships. 

29  SEP  92  It  v.'as  agreed  upon  by  the  design  team  that  LT  Kettell  would  be  the 

design  team  coordinator. 

07  OCT  92  The  design  team  completed  the  "Requirements  Document  for  Force 
Projection  Ship  (FPS)  2010".  The  requirements  were  written  such  that  the 
ship  would  not  be  required  to  conduct  ASW  screening  operations  during 
Battle  Group  transit.  Additionally,  it  was  not  considered  necessary  for 
the  FPS  2010  to  capable  of  long  range  AAW. 

08  OCT  92  The  Force  Projection  Ship  2010  is  renamed  Regional  Deterrence 
Ship  (RDS)  2010,  and  the  "Requirements  for  Regional  Deterrence  Ship 
(RDS)  2010"  is  released  by  the  CNO  (faculty)  with  a  few  major  changes 
other  than  the  name: 

1)  The  ship  is  not  required  to  deploy  promptly,  fully  ready  for  extended 
operations. 

2)  The  time  on  station  reduced  from  60  days  to  20  days. 

3)  The  ship  would  be  required  to  support  short  duration  covert  operations. 

4)  The  combat  system  would  incorporate  an  appropriate  SSES. 

5)  The  ship  should  support  flight  operations  of  non-assigned  joint  forces 
helicopters. 

6)  The  ship  will  carry  a  surgeon  and  have  operating  room  facilities. 
Additionally,  it  was  clarified  that  approximately  10  of  the  RDS  ships  would 
be  built. 
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Since  to  date  there  has  been  no  clear  recognition  of  spedfic  threats  for  which 
the  design  team  should  be  concerned  when  designing  the  combat 
system,  it  was  agreH  to  that  a  list  of  most  formidable  threats  would  be 
generated  prior  to  completing  selection  of  the  major  ship  elements. 

19  OCT  92  Design  team  completed  the  major  threat  evaluation.  This  was  a 
lengthy  process  in  which  the  design  team  assumed  the  role  of  intelligence 
experts  and  determined  the  air  launched,  surface  launched  and  sub¬ 
surface  weapons  which  were  deemed  to  impose  the  greatest  threat.  The 
process  was  lengthy  in  spite  of  the  fact  that  sufficient  information  does  not 
exist  in  the  open  literature.  The  parameters  which  seemed  worthy  of 
comparison  were  radar  cross-section,  speed,  range,  warhead  size,  guidance 
type  and  the  profile  of  the  trajectory.  In  the  air  and  surface  launched 
missile  categories  the  plan  to  determine  the  most  formidable  threats  was  as 
follows: 

a)  three  with  the  smallest  radar  cross-section, 

b)  three  with  the  fastest  speed, 

c)  three  with  the  longest  range,  and 

d)  three  with  the  largest  warhead. 

In  a  few  cases  there  was  overlap,  but  generally  this  provided  a  worthy 
selection  for  later  evaluation.  The  next  step  was  to  eliminate  some  of  the 
threats  based  on  simple  comparison  with  others  within  the  same 
category.  At  this  point  there  remained  only  ten  missiles  which  were 
significantly  threatening  in  one  way  or  another.  This  is  shown  in 

Table  I.  The  torpedo  threats  were  determined  in  a  similar  manner  using 
speed  and  range.  The  mine  size  was  determined  based  on  the  need  to 
detect  mines  of  this  size  in  order  to  maneuver  around  them  in  sufficient 

time  in  order  to  prevent  either  influence  or  contact.  The  mines  smaller  than 
this  size  were  deemed  to  be  less  threatening  based  on  the  amount  of 
explosive  potential.  To  whittle  the  missile  list  down  to  a  most 

fearsome  four,  the  type  of  guidance  package  and  the  profile  of  the 
trajectory  were  considered.  To  account  for  advances  in  technology 
someofthecharacteristicsoftwo  weapons  were  merged  to  give  a 
margin  of  safety.  The  missiles  used  therefore  do  not  represent  actual 
missiles,  but  ones  very  similar  to  actual  ones.  For  security  purposes  the  real 
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names  are  not  used  and  the  categories  do  not  necessarily  portray  exact 
values,  however  they  are  realistic. 


22  OCT  92  Element  selection  rough  draft  was  completed.  It  is  apparent  that 
some  elements  which  do  not  currently  exist  will  be  needed  in  order  to  build  a 
ship  which  has  been  designed  at  the  total  ship  level,  looking  at  the  mtire 
combat  system.  The  combat  system  needs  to  be  designed  at  the  mission 
level  in  order  to  achieve  a  completely  int^rated  shipboard  conid)at  system. 
At  this  time  many  new  combat  ^stem  elements  can  not  be  readily  integrated 
into  the  chipboard  combat  ^stem,  reducing  the  performance  that  was 
expected.  It  is  expected  that  some  current  ^stem  elements  may  have  to 
undergo  major  modification  in  order  to  make  them  compatible  in  a  systems 
sense. 

06  NOV  92  Revised  element  sdection  portion  of  the  analysis  and  tradeoff  study 
is  complete  to  the  point  of  having  a  definitive  threat  scetuuio.  Optimally, 
threat  scenarios  as  related  to  ship  design  could  very  well  encompass  a  whole 
course. 

10  NOV  92  Completed  initial  round  of  threat  scenario  with  basic  elements. 
With  this  completed,  the  element  selection  process  can  be  finalized. 

12  NOV  92  Decision  matrices  for  tlveat  evaluation  finalized. 

13  NOV  92  Specific  element  selection  process  complete,  although  there  may  be 

continued  tradeoff  analyses  performed  in  future  work  in  order  to 
accommodate  the  price  mar^.  Next  step  is  to  present  this  material  in  a 
meaningful  way. 

17  NOV  92  Rough  final  draft  of  the  results  of  the  specific  element  selection 
analysis  and  tradeoff  study  completed.  Commenced  the  feasibility  process 
using  the  ASSET  program.  The  abbreviated  documentation  of  this  program 
is  sketchy . terminals  not  working  well  for  present  system  configuration.... 

19  NOV  92  Rough  draft  of  the  threat  scenarios  completed. 
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20  NOV  92  Adjustments  made  to  specific  element  selection  in  order  to 
accommodate  the  four  threat  scenarios.  No  fleet  guidance  was  available  for 
determining  the  minimum  required  loadout  of  weapons.  Since  this 
deterrence  ship  will  be  operating  alone,  it  should  be  capable  of  defending 
itself  in  the  four  threat  scenarios  discussed  wMle  «ther  help  is  coming  from 
other  regions  or  it  makes  a  retreat  to  a  less  threatening  envirorunent. 

24  NOV  92  All  aspects  of  sp^ific  element  selection  complete,  including  the 

paperwork. 

Received  documentation  for  use  of  ASSET.  Volume  1,  the  system  manual 
provides  good  insight  as  to  how  the  program  should  be  used.  Volume  2(A- 
E)  must  also  be  used  in  order  to  make  decisions  regarding  how  the 
envisioned  ship  will  be  constructed,  outfitted,  manned,  and  operated. 

25  NOV  92  Completed  revised  draft  of  threat  scenario. 

04  DEC  92  Successfully  completed  an  initialized  feasible  ship.  The  next  step  is 
to  get  the  modules  to  converge  individually  so  the  synthesis  portion  of 
ASSET  will  be  capable  of  running  to  convergence. 

07  DEC  92  Convergence  achieved  on  ASSET  synthesis  model.  Although  the 
ship  does  not  have  the  all  the  same  characteristics  of  the  envisioned  ship,  the 
concept  is  predicable.  The  factors  which  affect  a  cost  and  stability  will  have 
to  be  optimized  in  order  to  determine  if  the  ship  is  buildable  at  the  requested 
price.  In  2010  dollars,  it  seems  that  a  small  patrol  boat  may  not  even  be 
economically  feasible  for  $350  million. 

1 1  DEC  92  Final  draft  of  threat  scenario  complete.  Because  of  the  details 
involved  in  the  tedious  calculations,  this  paper  was  made  readable  for  those 
individuals  not  having  received  prior  experience  in  threat  probabilities  as 
applied  to  scenarios  such  as  these.. 

17  DEC  92  Commenced  effort  to  reduce  cost  to  S3S0M. 

06  JAN  93  Began  drafting  a  detailed  design  philosophy  which  would  provide  a 
concrete  basis  for  backing  trade-off  decisions 
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07  JAN  93  Commenced  work  on  the  general  combat  system  architecture. 

15  JAN  93  Completed  the  formal  design  philosophy. 

20  JAN  93  Reached  point  of  dimini^ng  returns  on  cost  reductions  to  reach  the 

stringent  $3S0M  limit.  Began  draft  of  cost  adjustment  proposal.  Stopped 
working  with  ASSET,  and  began  working  with  AUTOCAD  for  the  creation 
of  a  3-D  hull  and  superstructure. 

21  JAN  93  Commenced  enclaving  effort  in  order  to  best  locate  systems  and 

elements  throughout  the  ship. 

25  JAN  93  Decided  to  include  the  Integrated  Readiness  Assessment  and 
Survivability  Management  Requirements  as  part  of  the  Combat  System 
Architecture. 

08  FEB  93  Enclaving  progressing  such  that  topside  layout  must  undergo  several 
iterations  before  below  decks  enclaving  can  resume. 

10  FEB  93  Commenced  work  on  "Ship  Descriptors". 

16  FEB  93  Enclaving  at  the  point  where  below  decks  arrangements  can  begin. 

Commenced  drafting  ROCs  to  be  used  in  survivability  assessment.  In 
hindsight,  the  design  team  agreed  that  this  portion  should  have  been  done 
much  earlier  had  the  usefulness  of  this  type  of  document  been  understood. 

18  FEB  93  Completed  the  General  Combat  System  Architecture,  including  the 

one-line  connectivity  diagram,  battle  mganization,  and  manning  structure. 

19  FEB  93  Commenced  electrical  system  design. 

01  MAR  93  ROCs  finalized  so  that  survivability  assesnnrat  can  proceed  though 
RLDs. 

04  MAR  93  Completed  electrical  system  design. 
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05  MAR  93  B^an  making  slides  for  design  presentations. 


08  MAR  93  Arrangements  completed  after  several  iterations,  enclaving  verified 
from  keel  to  masts. 

09  MAR  93  Completed  survivability  assessment.  The  ship  is  very  wdl  balanced. 

12  MAR  93  Completed  "Ship  Descriptors"  portion  of  design. 

18  MAR  93  Formal  presentation  of  slup  de«gn  to  Naval  Postgraduate  School. 

23  MAR  93  Formal  Washington,  DC  presentation  of  ship  de«gn  to  NAVSEA  05 
at  NC3,  Crystal  City. 

08  APR  93  Formal  presentation  of  ship  design  to  Monterey  chapter  of  Surface 
Navy  Association. 

21  APR  93  Completed  master  compilation  of  all  design  project  reports  into  one 
report. 
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HUU  CEOM  MODULE 

PRINTED  REPORT  NO.  1  >  HULL  GEOMETRY  SUMMARY 


NIN  BEAM,  FT  40.00 
MAX  BEAM.  FT  SS.OO 
HULL  FLARE  ANaE,  DEC  7.00 
FORWARD  BULWARK,  FT  4.00 


HULL  PRINCIPAL  DIMENSIONS  (ON  DWL) 


LBP,  FT 

390.00 

PRISMATIC  COEF 

0.6S0 

LOA,  FT 

409.31 

MAX  SECTION  COEF 

0.919 

BEAM,  FT 

SS.OO 

WATEMIANE  COEF 

0.787 

BEAM  •  WEATHER  DECK,  FT 

60.27 

LCBACP 

O.SIS 

DRAFT,  FT 

IS. 01 

HALF  SIDING  WIDTH,  FT 

1.00 

DEPTH  STA  0,  FT 

4S.00 

DEPTH  STA  3.  FT 

41.46 

DEPTH  STA  10.  FT 

36.  SO 

DEPTH  STA  20,  FT 

37.40 

FREEBOARD  •  STA  3.  FT 

30.46 

BARE  HULL  DISPL.  LTON 

S493.SS 

STABILITY  BEAM,  FT 

SS.OO 

AREA  BEAM,  FT 

S4.17 

BARE  HULL  DATA  ON  LWL 

STABILITY  DATA  ON  LWL 

LCTH  ON  WL.  FT 

389.99 

KB,  FT 

8.19 

BEAM,  FT 

SS.OO 

BMT,  FT 

16.92 

DRAFT,  FT 

14.99 

KG,  FT 

19.  S9 

FREEBOARD  •  STA  3,  FT 

30.48 

PRISMATIC  COEF 

0.649 

MAX  SEaiON  COEF 

0.921 

WATERPUNE  COEF 

0.788 

GMT,  FT 

S.Sl 

WATERPUNE  AREA.  FT2 

16904.38 

GML,  FT 

763.36 

WETTED  SURFACE.  FT2 

22804.14 

BARE  HULL  DISPL.  LTON 

S496.68 

APPENDAGE  DISPL,  LTON 

22S.04 

FULL  LOAD  WT,  LTON 

S721.71 

PItZNTEO  REPOin’  NO.  2  -  HUU  OFFSETS 


STAnON  M.  1,  AT  X  > 
POXMT  HALF  tCAM.FT 
1  0.000 

2  0.S2S 

$  o.Tir 

4  I.IM 

5  1.4U 


-19.315  FT 
tMTtMJtNC.FT 
45.M0 
40.006 
40.121 
40.210 
40.394 


STATION  NO.  2,  AT  X  - 

POINT  HALF  •lAM.FT 

1  0.000 

2  0.003 

3  2.520 

4  4.070 

5  7,752 


-9.057  FT 

MAT(M.INC.FT 

27.002 

32.320 

10.774 

41.220 

45.005 


STAnON  NO.  3,  AT  X  - 
FOIHT  HALF  IEAN.FT 

1  0.130 

2  0.903 

3  2.049 

4  5.9U 

5  10.140 


0.000  FT 
HATEm.INE,FT 
15.006 
22.504 
30.003 
17.501 
45.000 


STATION 

NO.  7.  AT  X  « 

POINT 

HALF  OUM,FT 

1 

1.000 

2 

1.942 

3 

2.002 

4 

2.001 

5 

3.600 

0 

5.056 

7 

0.659 

0 

0.220 

9 

9.540 

10 

10.695 

U 

12.104 

u 

13.741 

u 

14.742 

14 

16.407 

15 

20.350 

50.419  FT 
NKTfOUHC.FT 
0.000 
0.042 
0.002 
0.200 
0.500 
1.310 
2.000 
4.470 
7.001 
10.512 
15.000 
21.729 
20.451 
35.170 
41.099 


STATION  M.  0.  AT  X  . 
POINT  half  SCAM.FT 


1 

1.000 

2 

4.040 

3 

4.202 

4 

4.005 

5 

0.000 

0 

7.775 

7 

9.700 

0 

U.743 

9 

13.471 

10 

14.942 

u 

16.591 

12 

10.093 

13 

10.775 

14 

19.931 

15 

22.916 

70.271  FT 

HATIMJNe,FT 

0.000 

O.US 

0.150 

0.299 

0.006 

1.441 

2.005 

4.541 

7.192 

10.579 

15.000 

31.4W 

27.930 

34.392 

40.054 


STATION  NO 

.  4,  AT  X  - 

5.410  FT 

POINT 

tMLF  OCAM.FT 

WTQILINE.FT 

1 

0.000 

5.395 

2 

0.005 

5.405 

3 

0.072 

5.472 

4 

0.200 

5.055 

5 

0.072 

0.010 

6 

1.149 

0.597 

7 

1,550 

7.471 

0 

1.725 

0.602 

9 

1.503 

10.916 

U) 

1.275 

12.401 

11 

1.220 

15.006 

12 

2.260 

22.414 

19 

4.099 

29.022 

14 

7.110 

37.230 

15 

11.600 

44.637 

STATION  NO 

5,  at  X  - 

10.019  FT 

POINT 

HALF  OUM,FT 

HATINUIK.FT 

1 

0.000 

0.000 

2 

0.073 

0.015 

3 

0.317 

0.120 

4 

0.000 

0.405 

5 

1.020 

0.900 

6 

1.335 

1.076 

7 

1.503 

1.241 

0 

1.705 

5.147 

9 

1.001 

7.603 

10 

1.965 

10.919 

U 

2.410 

15.000 

12 

3.010 

22.325 

19 

1.370 

29.044 

14 

0.297 

30.963 

15 

U.900 

44.202 

TIQN  NO. 

6,  AT  X  • 

30.636  FT 

POINT 

half  9UM,PT 

NATOUN6,FT 

1 

0.702 

0.000 

2 

0.051 

0.015 

3 

1.210 

0.120 

4 

1.005 

0.405 

s 

2.574 

0.960 

0 

3.449 

1.070 

7 

4.315 

9.241 

0 

5.009 

5.147 

9 

$.070 

r.m 

10 

6.270 

10.M9 

u 

7.209 

15.006 

u 

0.751 

22.015 

13 

10.140 

29.024 

14 

12.530 

36.033 

15 

17.065 

43.042 

station  no. 

.  9.  AT  X  . 

90.000  FT 

POINT 

HALF  OEAN.FT 

MATSILINC.FT 

1 

1.000 

0.000 

2 

0.740 

0.256 

3 

0.930 

0.276 

4 

7.096 

0.410 

5 

9.031 

0.002 

6 

10.006 

1.551 

7 

13.061 

2.705 

0 

15.235 

4.020 

9 

17.113 

7.196 

10 

10.655 

10.615 

11 

20.193 

15.006 

u 

21.506 

21.231 

13 

22.021 

27.455 

14 

22.719 

33.600 

15 

24.022 

39.905 

station  HO 

10.  AT  X  - 

109.905  FT 

POINT 

HALF  tOIA.FT 

MATCNLlNe.FT 

1 

1.000 

0.000 

2 

9.751 

0.990 

3 

9.955 

0.410 

4 

10.705 

0.550 

5 

12.193 

0.931 

6 

14.110 

1.673 

7 

10.920 

2.090 

0 

10.479 

4.720 

9 

20.295 

7.267 

10 

21.601 

10.655 

11 

22.992 

15.000 

U 

24.U4 

21.010 

13 

24.420 

27.030 

14 

24.012 

31.041 

15 

20.157 

39.051 

STATION  NO.  U.  AT  X  - 

129.722  FT 

POINT 

HALF  OfAM,FT 

IIATBUNe.FT 

1 

1.000 

0.000 

2 

U.74S 

0.523 

3 

U.fOS 

0.543 

4 

U.039 

0.602 

5 

15.260 

1.059 

6 

17.U5 

1.795 

7 

19.272 

3.000 

0 

21.273 

4.014 

9 

22.060 

7.337 

10 

2s.m 

10.695 

u 

24.967 

15.000 

12 

25.023 

20.029 

13 

M.056 

26.052 

14 

20.254 

32.470 

IS 

27.001 

10.299 

STAnON 

NO.  U.  AT  X  > 

149.599  FT 

POINT 

HALF  OCAM,FT 

MTSNJHf.FT 

1 

1.000 

0.000 

2 

15.419 

0.042 

9 

15.052 

0.002 

4 

10.540 

0.000 

5 

17.950 

1.174 

6 

19.7S1 

1.901 

7 

21.700 

l.U)5 

0 

25.470 

4.090 

9 

24.701 

7.400 

10 

25.000 

10.750 

u 

20.244 

15.000 

u 

20.041 

20.605 

u 

27.020 

20.124 

14 

27.119 

31.902 

15 

27.432 

17.641 

STATION 

HO.  U,  AT  X  • 

109.356  FT 

POINT 

1 

IMLF  OtAM.FT 

MATCM.INE.FT 

1.000 

0.000 

2 

17.404 

0.793 

1 

17.705 

0.753 

4 

U.OOO 

0.090 

5 

19.970 

1.202 

6 

21.005 

1.906 

7 

23.439 

9,101 

0 

24.992 

4.962 

9 

26.000 

7.449 

10 

26.634 

10.757 

u 

26.900 

15.006 

12 

27.144 

20.525 

13 

27,467 

20.043 

14 

27.407 

11.502 

U 

27.535 

17.001 

STATION  HO 
FOIHT 
1 
2 

3 

4 

5 
0 
7 
0 
9 

10 

U 

12 

13 

14 


.  14,  AT  X  -  109.174  FT 
half  WAM.n  MATERLINE.FT 


1.000 

10.524 

10.004 

19.720 

20.977 

22.414 

29.923 

25.305 

26.539 

27.129 

27.367 

27.522 

27,565 

27.552 

4*  car 


0.000 
0.700 
0.797 
0.915 
1.215 
1.050 
2.005 
4.411 
6.550 
9.402 
15.006 
20.409 
25. OU 
31.215 

mM 


STAHON  NO. 
POINT 
1 
2 

3 

4 

5 

6 
7 
0 
9 

U 

11 

u 

13 

14 

15 


15,  AT  X  -  200.991  FT 


•  OCAN.FT 

MATERLINE.FT 

1.000 

0.000 

10.410 

0.776 

10.714 

0.794 

19.093 

0.920 

21.010 

1.203 

22.530 

1.932 

24.130 

3.034 

25.643 

4.670 

26.050 

0.972 

27.425 

10.026 

27.510 

15.006 

27.571 

20.117 

27.560 

25.629 

27.544 

30.940 

27.535 

36.252 

UlOH  NO 

16.  AT  X  -  220.000  FT 

POINT 

IMLF  OCAN.FT 

MATERUNE.FT 

1 

1.000 

0.000 

2 

17.120 

0.710 

3 

17.400 

0.739 

4 

10.500 

0.002 

5 

20.090 

1.272 

6 

21.023 

2.031 

7 

23.040 

3.202 

0 

25.369 

5.149 

9 

26.763 

7.754 

10 

27.429 

U.220 

U 

27.525 

15.006 

u 

27.595 

20.250 

19 

27.570 

25.494 

14 

27.517 

90.730 

IS 

27.535 

15.902 

D-2 


STATION  HO.  17.  AT  X  -  24S.SM  FT 


HALF  KAM.FT 
1.000 
14.0SS 
IS.OOl 
U.400 


HkTERLINE.FT 
0.000 
O.OOO 
O.OM 
0.004 


6 

20.144 

2.17$ 

7 

22.$S7 

S.OM 

0 

24.677 

$.006 

0 

26.41$ 

0.00$ 

U 

27.SU 

U.142 

u 

27.422 

U.006 

u 

27.S06 

20.207 

u 

27. SOS 

21.400 

14 

27.120 

10.600 

u 

27.SS$ 

$1,010 

STAHOH  NO.  ».  AT  X  »  SIO.SU  FT 

FOnir  HALF  1UN.FT  HATnLIHC.FT 
1.000  I.flO 

1.U1  i.ni 

1.071  2.017 

S.777  S.140 

O.TU  S.SOO 

1A.S07  4.M2 

U.i02  S.4S1 


0 

21.064 

O.OSO 

10 

21.014 

U.TOl 

u 

21.101 

U.006 

u 

26.067 

M.2S1 

u 

M.Ml 

M.407 

M 

X.$40 

10.742 

u 

M.46$ 

11.060 

STAHON  NO.  21,  AT  X  >  MO.OOO  FT 
FOlHr  WU.F  0(AN.FT  HATaLXHC.FT 
1.000  U.OOO 

1.024  U.OOO 

1.U7  U.700 

1.000  U.7SS 

1.002  U.701 

4.010  U.OOl 

7.101  U.OOO 


0 

lO.Ml 

14.146 

0 

U.OU 

14.M7 

10 

U.106 

14.611 

u 

U.207 

U.OOO 

u 

U.602 

M.604 

u 

U.02S 

M.201 

14 

M.OOl 

$1,001 

u 

21.112 

$7,400 

STATION  HO.  U.  AT  X  .  272. U7  FT 


FOINT 

4*o  Ml  A  ai 

HALF  OCAM.FT 

tMTCm.INC.FT 

1 

1.000 

O.Ml 

2 

U.Ul 

0.670 

1 

10.171 

0.600 

4 

U.S06 

0.027 

1 

U.20S 

l.Ml 

6 

U.TOl 

1.020 

7 

U.071 

l.UO 

0 

21.014 

4.017 

0 

24.S14 

7.41$ 

10 

M.227 

10.710 

u 

27.000 

11.006 

12 

27.460 

20.  U7 

U 

27.110 

21.160 

14 

27.467 

$0,111 

U 

27.11$ 

11.712 

STATION  HO 

21,  AT  X  *  142 

.071  FT 

FOINT 

HALF  OeAN.Fr 

MtreNUMC.Fr 

1 

1.000 

1.400 

2 

1.U0 

1.400 

1 

1.700 

1.166 

4 

$.214 

1.746 

1 

S.SOO 

6.060 

6 

0.020 

6.670 

7 

u.sso 

7.141 

0 

U.IOS 

0.7S4 

0 

U.IOO 

10.162 

10 

21.101 

U.427 

u 

22.000 

U.006 

12 

24.111 

20.111 

U 

24.040 

21.664 

14 

24.062 

10.002 

U 

21.107 

$6,121 

STAHON  NO.  U.  AT  X  - 


FOINT 

HALF  OCAM.FT 

1 

1.000 

2 

1.014 

1 

2.060 

4 

$.104 

1 

$.960 

6 

lO.lU 

7 

U.117 

0 

20.006 

0 

21.10$ 

10 

21.114 

u 

H.IOS 

u 

27.041 

u 

27.200 

14 

27.  US 

IS 

27.210 

20$. 710  FT 
HATtn.INE,FT 
1.14$ 

I. Ul 
1.202 
1.114 
1.00$ 
2.106 
S.lSl 
$.270 
7.607 

10.091 
U.006 
20.202 
2S.10S 
10. $0$ 

II. 701 


STAnON  NO.  22.  AT  X  . 
FOIHT  HALF  OCAM.FT 


1 

1.000 

2 

1.076 

1 

1.121 

4 

2.171 

1 

4.176 

6 

6.017 

7 

0.007 

0 

U.22t 

0 

U.2S2 

U 

U.OOO 

U 

U.OOO 

u 

21.021 

u 

22.600 

14 

23.064 

IS 

21.470 

$66,410  FT 
MATERUNE.FT 
0.200 
0.20$ 
0.11$ 
0.444 
0.61$ 
10.004 
10.124 
I1.2S0 
12.216 
U.4$7 
U.OOO 
20.412 
21.000 
11.14$ 
16.702 
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PRINTEO  F  ..r  NO.  3  -  HULL  BOUNDARY  CONDITIONS 


LBP,  FT 

390.00 

LCB/LBP 

0.515 

BEAM.  FT 

SS.OO 

LCF/LBP 

0.555 

DRAFT,  FT 

IS.  01 

HALF  SIDING  WIDTH,  FT 

1.00 

DEPTH  STA  0,  FT 

45.00 

DEPTH  STA  3,  FT 

41.46 

DEPTH  STA  10,  FT 

36.  SO 

DEPTH  STA  20,  FT 

37.40 

RAISED  DEa  HT,  FT 

0.00 

PRISMATIC  COEF 

0.650 

MMTERPLANE  COEF 

0.787 

MAX  SECTION  COEF 

0.919 

NO  POINTS  BELOW  DWL 

11. 

FWD  KEEL/BL  LIMH 

0.028 

NO  POINTS  ABOVE  OWL 

4. 

AFT  KEEL/BL  LIMH 

0.637 

POINT  DIST  FAC  ABOVE  OWL 

3.000 

BOW  ANa.E,  DEG 

50.00 

POINT  DIST  FAC  BELOW  OWL 

1.000 

BOW  SHAPE  FAC 

0.000 

BOW  OVERHANG 

0.«S0 

STA  20  SECTION  COCF 

0.700 

STERN  OVERHANG 

'  'i 

HULL  FLARE  ANCLE.  DEC 

7. 

SEaiONAL  A.V  •.  AT- 

■  JL  CURVES 

ARL» 

OWL 

STA  0  ORDINATE 

0.000 

A  AOS 

STA  0  SLOPE 

•1.189 

-1.352 

STA  20  ORDINATE 

0.039 

0.S91 

STA  20  SLOPE 

1.084 

1.17^ 

PARALLEL  MID  LGTH 

0.000 

O.OOC 

STA  MAX  ORDINATE 

10.500 

11.300 

STA  MAX  AREA  SLOPE 

0.000 

0.000 

TENSOR  NO  1 

0.000 

0.000 

TENSOR  NO  2 

0.000 

0.000 

TENSOR  NO  3 

0.000 

0.000 

TENSOR  NO  4 

0.000 

0.000 

TENSOR/POLY  SWITCH 

0.000 

0.000 

DECK  AT  EDGE  CURVE 

FLAT  OF  BOTTOM  CURVE 

STATION  0  OFFSET 

0.376 

STA  OF  TRANS  START 

1.500 

STA  0  SLOPE 

-1.800 

SLOPE-STA  OF  TRANS  START 

-0.190 

STA  10  OFFSET 

1.000 

STA  OF  START  OF  MID 

8.688 

STA  10  SLOPE 

0.000 

STA  OF  END  OF  MID 

13.414 

STATION  20  OFFSET 

0.775 

STA  OF  TRANS  END 

15.542 

STA  20  SLOPE 

0.693 

SLOPE-STA  OF  TRANS  END 

0.000 

PARALLEL  MID  LGTH 

0.271 

FLAT  OF  BOT  ANCLE.  DEC 

2.550 

STA  OF  PARALLEL  MID 

11.242 

ELLIPSE  RATIO 

1.000 

SLOPES  AT  SEaiON  CORVES 

BOT 

DWL  DAE 

STA  0  OROIWTE,  DEG 

8.000 

87.000  55.364 

STA  0  SLOPE 

17.900 

113.117  76.563 

STA  10  ORDINATE,  DEG 

1.016 

89.000  90.000 

STA  10  SLOPE 

0.475 

0.000  0.000 

STA  20  ORDINATE.  DEG 

1.000 

62.158  82.404 

STA  20  SLOPE 

5.000 

23.238  12.842 

PARALLEL  MID  LGTH 

0.000 

0.000  0.000 

STA  OF  PARALLEL  MID 

10.500 

10.918  9.455 

EM 


HIN  FREEBQMU)  MARGIN,  FT 


0.2S 


DIST  FROM  FP 
FT 
-19.31 
-9.66 
0.00 
S.41 
10.82 

30.64 
S0.4S 
70.27 
90.09 
109.90 
129.72 

149. S4 
169.36 
189.17 
208.99 
228.81 
248.63 
272.19 
295.75 
319.31 
342.88 
366.44 
390.00 


NT  ABOVE  BL 
FT 
46.10 
45.42 
44.75 

44.39 
44.03 

42.79 

41.65 
40.60 

39.65 

38.80 
38.05 

37.39 
36.83 
36.37 
36.00 

35.73 
35.56 
35.48 

35.54 

35.74 
36.07 

36.54 
37.15 


PRIKTEO  REPORT  NO.  5  •  HULL  SEOIONAL  AREA  CURVE 


ATION 

LOCATION, FT 

AREA,FT2 

1 

-19.31 

0.00 

2 

-9.66 

0.00 

3 

0.00 

0.00 

4 

5.41 

25.69 

5 

10.82 

52.50 

6 

30.64 

158.70 

7 

50.45 

271.48 

8 

70.27 

382.65 

9 

90.09 

485.27 

10 

109.90 

574.11 

11 

129.72 

646.09 

12 

149.54 

700.07 

13 

169.36 

736.36 

14 

189.17 

755.95 

15 

208.99 

759.89 

16 

228.81 

748.75 

17 

248.63 

722.26 

18 

272.19 

668.83 

19 

295.75 

585.81 

20 

319.31 

470.15 

21 

342.88 

324.39 

22 

366.44 

164.23 

23 

390.00 

30.00 

D-5 


MUU  SUBDIV  MODULE 


PRIMTEO  REPORT  NO.  1  -  SUMMARY 

SHAFT  SUPFOKT  TYPE  INO-OPEN  STRUT 

9.95 
3 

13 
6 


ARR  AREA  LOST  TANKS.  FT2  2557. 1 
HULL  ARR  AREA  AVAIL.  FT2  42299.5 


PRINTED  REPORT  NO.  2  -  TRANSVERSE  BUUCHEADS 


NO  TRANS  BHDS  13 

TRANS  BHD  SPAaNC(/LBP)  0.075 


BULKHEAD 

NO 

DISTANCE 
FROM  FP.FT 

DISTANCE 
FROM  FP/LBP 

MR  FM> 
BHD  LOC 

1 

19.50 

0.050 

2 

42.76 

0.110 

3 

66.02 

0.169 

4 

89.29 

0.229 

5 

112.55 

0.289 

MMR 

6 

148.33 

0.380 

7 

177.58 

0.455 

M4R 

8 

213.15 

0.547 

9 

242.40 

0.622 

AMR 

10 

282.88 

0.725 

11 

309.66 

0.794 

12 

336.44 

0.863 

13 

363.22 

0.931 

LBP.  FT  390.00 
DEPTH  STA  10.  FT  36.50 
MILL  VOLUME.  FT3  598974. 
MR  VOLUME.  FT3  U8500. 
TANKAGE  VOL  REQ.  FT3  62536. 
EXCESS  TANKAGE.  FT3  0. 


HULL  AVC  OEa  HT.  FT 
NO  INTERNAL  DECKS 
NO  TRANS  BHDS 
NO  LONG  BHDS 
NO  MACHY  RMS 
NO  PROP  SHAFTS 


PRINTED  REPORT  NO.  3  -  LONGITUDINAL  BULKHEADS 


NO  LONG  BHDS  6 
LBP.  FT  390.00 
HALF  BREADTH.  FT  27.54 


-/P,*/S 

FND 

AFT 

UPPER 

LOWER 

BULKHEAD 

OIST  OFF 

BHD 

BHD 

DECK 

DEa 

NO 

a,  FT 

ID 

ID 

ID 

ID 

1 

25.61 

3 

6 

0 

3 

2 

-25.61 

3 

6 

0 

3 

3 

25.61 

6 

9 

0 

3 

4 

-25.61 

6 

9 

0 

3 

5 

25.61 

9 

12 

0 

3 

6 

-25.61 

9 

12 

0 

3 
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PRINTEO  REPORT  NO.  4  >  INTERNAL  DECKS  AND  INNER  BOTTOM 


NO  INTERNAL  DEaS 

3 

-  INNER  BOTTOM  — 

DEPTH  STA  10,  FT 

36.50 

CVK  KT,  FT 

2.50 

HULL  AVC  DECK  HT.  1 

FT 

9.95 

HORZ  OFFSET  HT.  FT 

10.00 

RAISED  DECK  HT.  FT 

0.00 

HORZ  OFFSET,  FT 

2.00 

FLAT  FWD  LOC,  FT 

19.50 

INT  DIST  FROM 

DECK 

FLAT  AFT  LOC,  FT 

315.73 

DECK 

BL  AT 

SHEER 

OFFSET  FWD  LOC,  FT 

19.50 

NO 

5  LBP.FT 

FRAC 

OFFSET  AFT  LOC,  FT 

315.73 

1 

26.50 

1.0 

2 

17.50 

0.0 

3 

10.00 

0.0 

IB 

2.50 

INT 

AVL  ARR 

AVL  ARR 

USABLE 

VOIDS 

ARR  AREA 

DECK 

AREA 

VOL 

TANKAGE 

LOST  TO 

NO 

FT2 

FT3 

FT3 

FT3 

TANKS, FT2 

1 

18233.8 

187964. 

0. 

0. 

0.0 

2 

13384.3 

135036. 

1058. 

540. 

0.0 

3 

9086.2 

74163. 

2095. 

2031. 

0.0 

IB 

1595.2 

23545. 

18793. 

0. 

2557.1 

HOLD 

40590. 

88. 

TOTAL 

42299.5 

420708. 

62536. 

2659. 

2557.1 

PRINTEO  REPORT  NO.  S 

-  LARGE  OBTEa  SPACES 

FOREPEAK  VOID  VOL, 

FT3 

734. 

FOREPEAK  TANKAGE,  1 

FT3 

1469. 

CHAIN  LOCKER  VOL,  1 

FT3 

2203. 

SEWAGE  VOL  REQ,  FT3 

385. 

SHAFT  ALLEY  VOL.  FT3 

3011. 

MR  AFT  BHD  POS,  FT 

282.88 

INNER  BOT  VOL.  FT3 

26241. 

FWD  UPR 

LOTH 

LCTH 

HT 

HT  NR 

INNER 

MR 

BHD  DECK 

AVL 

ROD 

AVL 

ROD  VOL 

BOT  VOL 

NO  TYPE  ID  ID 

FT 

FT 

FT 

FT  FT3 

FT3 

1  MMR 

5  1 

35.78 

35.78 

26.50 

23.49  43855. 

3674. 

2  MMR 

7  1 

35.57 

35.57 

26.50 

22.83  45123. 

4310. 

3  AMR 

9  2 

40.48 

40.48 

17.50 

17.50  29522. 

3935. 

TOTM.  118S00.  11919. 


PRINTED  REPORT  NO.  6  -  HULL  COMPARTMENT  ARRANGEABLE  AREA 

AREAS  FOR  EACH  HULL  CONmRTMENT: 


DECK 

HT, 

FT  ABL 

26.5 

17.5 

10.0 

2.5 

COMP 

1, 

FT2 

346.5 

COM> 

2. 

FT2 

528.3 

367.5 

288.7 

92.4 

COMP 

3, 

FT2 

750.1 

636.8 

528.5 

239.7 

COMP 

4, 

FT2 

942.1 

867.0 

749.7 

404.1 

OOMP 

5, 

FT2 

1090.7 

1041.5 

935.4 

574.9 

COMP 

6. 

FT2 

1861.6 

MMR 

MR 

PMR 

COMP 

7, 

FT2 

1599.3 

1578.9 

1532.5 

1172.2 

COMP 

8, 

FT2 

1960.8 

MMR 

MMR 

MMR 

COMP 

9. 

FT2 

1613.0 

1612.5 

1593.6 

1207.6 

COMP 

10, 

FT2 

2230.4 

2218.0 

AMR 

AMR 

COMP 

11. 

FT2 

1454.4 

1431.1 

1334.9 

449.0 

COMP 

12, 

FT2 

1398.6 

1358.0 

1186.8 

12.4 

COMP 

13. 

FT2 

1299.2 

1229.2 

869.9 

COMP 

14. 

FT2 

1158.9 

1043.7 

66.2 
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DECKHOUSE  MODULE 


PRINTEO  REPORT  NO.  1  -  DECKHOUSE  SUPfMRY 


LBP,  FT  390.00  OKHS  LENGTH  QA.  FT  89.49 
bean,  ft  SS.OO  DKHS  mx  WIOTN,  ft  43. 04 
AREA  BEAM,  FT  S4.17  DKHS  HT  (W/O  PLTHS),  FT  5S.65 
DKHS  FWD  LIMIT-  STA  4.6  OTHER  ARR  AREA  REQ,  FT2  41663.04 
DKHS  AFT  LIMCT-  STA  9.2  HULL  ARR  AREA  AVAIL,  FT2  42299.48 
DKHS  AVC  DEa  HT,  FT  8.50  DKHS  Al«  AREA  REQ,  FT2  7744.25 
DKHS  NO  LVLS  3  HANGER  ARR  AREA  REQ,  FT2  1700.00 
DKHS  AVC  SIDE  aR,  FT  6.00  PLTHS  ARR  AREA  REQ,  FT2  671.93 
DKHS  AVC  SIDE  ANC,  DEC  7.00 


DKHS  NO  PRISMS  20  DKHS  MAX  ARR  AREA,  FT2  17095.67 
DKHS  ARR  AREA  DERIV,  FT2  429.74  DKHS  ARR  AREA  AVAIL,  Fr2  7828.90 
DKHS  MIN  ALW  BEAM,  FT  31.25  DKHS  VOLUME,  FT3  67163.65 
BRIOCE  L-O-S  OVER  BOW,  FT  239.08  DKHS  WEICHT,  LTON  114.10 
DKHS  SIDE  aR  OFFSET,  FT  6.  DKHS  VCC,  FT  47.88 
DKHS  SIDE  ANC  OFFSET,  DEC  7. 


PRINTED  REPORT  NO.  2  -  SUPERSTRUCTURE  DECKHOUSES 


NO  OF  SS  DECKHOUSE  BLKS  20 
DKHS  VOLUME,  FT3  67164. 
DKHS  ARR  AREA  AVAIL,  FT2  7828.9 


DECKHOUSE  NUMBER 

1 

2 

3 

4 

5 

OIST  FROM  BOW,  FT 

89.70 

"7.34 

104.98 

112.61 

120.25 

LENGTH,  FT 

7.64 

7.64 

7.64 

7.64 

7.64 

OIST  FROM  a,  FT 

FWO/PORT/BTM 

-18.79 

-19.37 

-19.87 

-20.30 

-20.66 

AFT/PORT/BTM 

-19.37 

-19.87 

-20.30 

-20.66 

-20.94 

FWD/STBO/BTM 

18.79 

19.37 

19.87 

20.30 

20.66 

AFT/STBD/BTM 

19.37 

19.87 

20.30 

20.66 

20.94 

FWD/PORT/TOP 

-17.75 

-18.32 

-18.83 

-19.26 

-19.62 

AFT/PORT/TOP 

-18.32 

-18.83 

-19.26 

-19.62 

-19.90 

FWD/STBO/TOP 

17.75 

18.32 

18.83 

19.26 

19.62 

AFT/STBD/TOP 

18.32 

18.83 

19.26 

19.62 

19.90 

DIST  ABV  BASELINE  FWD, 

FT 

39.92 

39.58 

39.26 

38.94 

38.65 

OIST  ABV  BASELINE  AFT, 

FT 

39.58 

39.26 

38.94 

38.65 

38.36 

HEIGHT,  FT 

8.50 

8.50 

8.50 

8.50 

8.50 

VOLUME,  FT3 

2458. 

2528. 

2587. 

2637. 

2677. 

ARR  AREA,  FT2 

283.5 

291.7 

298.9 

304.9 

309.8 

DECKHOUSE  NUMBER 
6  7  8  9  10 


DIST  FROM  BOW,  FT 

127.89 

135.53 

143.17 

150.80 

89.70 

LENCTH,  FT 

7.64 

7.64 

7.64 

7.64 

7.64 

DIST  FROM  a,  FT 
FWD/PORT/BTM 

-20.94 

-21.16 

-21.33 

-21.45 

-17.75 

AFT/PORT/BTM 

-21.16 

-21.33 

-21.45 

-21.52 

-18.32 

FWD/STBD/BTM 

20.94 

21.16 

21.33 

21.45 

17.75 

AFT/STBD/BTM 

21.16 

21.33 

21.45 

21.52 

18.32 

FWD/PORT/TOP 

-19.90 

-20.12 

-20.29 

-20.40 

-16.70 

AFT/PORT  AOP 

-20.12 

-20.29 

-20.40 

-20.48 

-17.28 

FWD/STBDAOP 

19.90 

20.12 

20.29 

20.40 

16.70 

AFT/STBD/TOP 

20.12 

20.29 

20.40 

20.48 

17.28 

OIST  ABV  BASELINE  FM),  FT 

38.36 

38.10 

37.84 

37.60 

48.42 

DIST  ABV  BASELINE  AFT,  FT 

38.10 

37.84 

37.60 

37.38 

48.42 

HEIGHT,  FT 

8.50 

8.50 

8.50 

8.50 

8.50 

VOLUME,  FT3 

2708. 

2731. 

2748. 

2758. 

2274. 

ARR  AREA,  FT2 

313.6 

316.6 

318.8 

320.2 

267.5 

D-8 


DECKHOUSE  NUMBER 
11  12  13  14  15 


DIST  FROM  BOW,  FT 

97.34 

104.98 

112.61 

120.25 

127.89 

LENGTH,  R 

7.64 

7.64 

7.64 

7.64 

7.64 

DIST  FROM  a,  FT 
FWD/PORT/BTM 

-18.32 

-18.83 

-19.26 

-19.62 

-19.90 

AFT/PORT/BTM 

-18.83 

-19.26 

-19.62 

-19.90 

-20.12 

FWD/STBO/BTM 

18.32 

18.83 

19.26 

19.62 

19.90 

AFT/STBO/BTM 

18.83 

19.26 

19.62 

19.90 

20.12 

FWO/PORTAOP 

-17.28 

-17.78 

-18.21 

-18.57 

-18.86 

AFT/PORT/TOP 

-17.78 

-18.21 

-18.57 

-18.86 

-19.07 

FWO/STBD/TOP 

17.28 

17.78 

18.21 

18.57 

18.86 

AFT/STBOAOP 

17.78 

18.21 

18.57 

18.86 

19.07 

DIST  ABV  BASELINE  FWD, 

FT 

48.08 

47.76 

47.44 

47.15 

46.86 

DIST  ABV  BASELINE  AFT, 

FT 

48.08 

47.76 

47.44 

47.15 

46.86 

HEIGHT,  FT 

8.50 

8.50 

8.50 

8.50 

8.50 

VOLUME,  FT3 

2344. 

2405. 

2456. 

2498. 

2530. 

ARR  AREA,  FT2 

275.8 

282.9 

288.9 

293.8 

297.7 

D  E 

C  K  H  0  U 

S  E  N 

UMBER 

16 

17 

18 

19 

20 

DIST  FROM  BOW,  FT 

135.53 

143.17 

150.80 

158.44 

89.70 

LENGTH,  FT 

7.64 

7.64 

7.64 

20.75 

30.56 

DIST  FROM  a,  FT 

FWD/PORT/BTM 

-20.12 

-20.29 

-20.40 

-21.52 

-11.75 

AFT/PORT/BTM 

-20.29 

-20.40 

-20.48 

-21.54 

-14.05 

FWD/STBO/BIM 

20.12 

20.29 

20.40 

21.52 

11.75 

AFT/STBO/BTM 

20.29 

20.40 

20.48 

21.54 

14.05 

FWD/PORT/TOP 

-19.07 

-19.24 

-19.36 

-19.43 

-10.70 

AFT/PORT/TOP 

-19.24 

-19.36 

-19.43 

-19.45 

-13.01 

FWO/STBD/TOP 

19.07 

19.24 

19.36 

19.43 

10.70 

AFT/STBO/TOP 

19.24 

19.36 

19.43 

19.45 

13.01 

DIST  ABV  BASELINE  FWD, 

FT 

46.60 

46.34 

46.10 

37.38 

55.65 

DIST  ABV  BASELINE  AFT, 

FT 

46.60 

46.34 

46.10 

36.84 

55.65 

HEIGHT,  FT 

8.50 

8.50 

8.50 

17.00 

8.50 

VOLUME,  FT3 

2555. 

2574. 

2586. 

14679. 

6431. 

ARR  AREA,  Fr2 

300.6 

302.8 

304.3 

1700.0 

756.6 

PRINTEO  REPORT  NO.  3  -  DECKHOUSE  STRUCTURE  WEIGHT  SUMMARY 

DKHS  STRUCT  DENSITY,  LBM/FT3  4.18  HANGER  VOL,  FT3  14450. 

Wr-LTON  VCC-FT  LCC-FT 
CALCULATED  SWS150  114.1  47.88  132.61 


ORX 

HOUSE 

VOLUNE 

FT3 

FWM  9L 
FT 

NO.  1 

24M. 

44.05 

NO.  2 

2SM. 

43.71 

NO.  3 

2S«7. 

43.N 

NO.  4 

M37. 

43.09 

NO.  S 

U77. 

42.79 

NO.  6 

3709. 

42.51 

NO.  7 

3731. 

42.25 

NO.  • 

2749. 

42.00 

NO.  9 

2739. 

41.76 

NO.IO 

2274. 

52.63 

NO.U 

2344. 

53.M 

NO.U 

240S. 

51.97 

NO.U 

24M. 

51.66 

NO.  14 

2499. 

51.  U 

NO.U 

2530. 

51.09 

NO.U 

2555. 

50.91 

NO.U 

2574. 

50.55 

NO.U 

3596. 

50.32 

NO.U 

14679. 

45.60 

N0.20 

6431. 

59.94 

67164.  47.66 
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HULL  STRUCT  MODULE 

PRINTEO  REPORT  NO.  1  -  SIMNARY 


HOGGING  8H.  FT-LTON 
SAGUNG  BM,  FT-LTON 
MIDSHIP  MOI,  FT2-IN2 
OIST  N.A.  TO  KEEL,  FT 
DIST  N.A.  TO  OEa.  FT 
SEC  MOO  TO  KEEL.  FT-IN2 


HULL  STRENGTH  AND  STRESS 
75500. 

62944. 

281961. 

14.74 
21.77 
19134. 


PRIM  SntESS  KEEL-HOG,  KSI  8.84 
PRIM  STRESS  KEEL-SAC,  KSI  7.37 
PRIM  SmSS  DECK-HOG,  KSI  13.06 
PRIM  STRESS  DEa-SAC,  KSI  10.89 
MULL  MARGIN  STRESS,  KSI  2.24 
SEC  MOO  TO  DEa,  FT-IN2  12949. 


HULL  STRUCTURE  COMPONENTS 

MATERIAL  NO  OF 
TYPE  SEGMENT 


NO 


NET.  DEa 

HY  80 

3 

1 

SIDE  SHELL 

HY  80 

4 

1 

BOTTOM  SHELL 

HY  80 

6 

1 

INNER  BOTTOM 

HY  80 

6 

1 

INT.  DEa 

HY  80 

3 

3 

STRINGER.  SHEER  HY  80 

1 

1 

LONG  BULKHEAD 

HY  80 

6 

TRANS  BULKHEAD 

HY  80 

13 

HULL  STRUaURE  WEIGHT 


SWBS 

COMPONENT 

WEIGHT,  LTON 

VCC.  FT 

100  HULL  STRUCTURE 

1245.3 

19.23 

110 

SHELL4SUPP0RT 

661.0 

15.65 

120 

HULL  STRUaURA’.  BHD 

209.0 

16.47 

130 

HULL  OEaS 

253.7 

33.16 

140 

HULL  PUTFORM/FLATS 

121.6 

14.39 

PRINTEO  REPORT  NO.  2  -  HULL  STRUCTURES  WEIGHT 


SWBS 

COMPONENT 

WT-LTON 

VCC-FT 

•100  HULL  STRUCTURES 

1245.3 

19.23 

*  110  SHELL  ♦  SUPPORTS 

661.0 

15.65 

111 

PUTINC 

330.8 

19.88 

113 

INNER  BOTTOM 

135.4 

3.07 

115 

STANaiONS 

8.1 

18.25 

116 

LONG  FRAMING 

59.4 

.93 

117 

TRANS  FRAMING 

102.4 

18.11 

120  HULL  STRUCTURAL  BULKHOS 

209.0 

16.47 

121 

LONG  BULKHDS 

80.7 

10.28 

122 

TRANS  BULKHDS 

97.9 

20.37 

123 

TRUNKS  4-  ENaOSURES 

30.4 

20.37 

130  HULL  DECKS 

253.7 

33.16 

131 

MAIN  DEa 

141.1 

37.76 

132 

2ND  DEa 

112.6 

27.40 

133 

3RD  DEa 

134 

4TH  DEa 

135 

STH  DEa-fDEaS  BELOW 

136 

01  HULL  DEa 

140  HUU  PUTFORMS/FUTS 

121.6 

14.39 

141 

1ST  PLATFORM 

71.9 

17.46 

142 

2ND  PLATFORM 

49.7 

9.95 

143 

3R0  PLATFORM 

144 

4TH  PLATFORM 

145 

STH  PUT^PLATS  BELOW 

*  DENOTES  INaUSION  OF  PAYLOAD  OR  ADJUSTMENTS 
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MINrrED  REPORT  NO.  3  -  WEAIMER  DEa 


KOC  WTOL  TYPC-MY  SO 
STRINGER  PLATE  NTRL  TYPE-HY  80 


StCLL 

STRINGER  PUTE 

MODULUS  OF  ELASnCITY. 

KSI 

29600.0 

29600.0 

DENSITY,  L8M/FT3 

489.02 

489.02 

YIELD  STRENGTH.  KSI 

80.00 

80.00 

MAX  PRIMARY  STRENGTH,  KSI 

23. S2 

23.  S2 

AUOWABLE  WORKING  STRENGTH,  KSI 

SS.OO 

SS.OO 

MAX 

MIN 

STIFFENER  SPAaNG,  IN 

48.00 

24.00 

STRINGER  PLATE  WIDTH,  FT 

6.00 

SEGMENT  GEOMETRY 

. NODE  COORD. 

FT - 

— SCND.  LOAD,  FT— 

SEC  YIB  ZIB 

YOB 

ZOB 

HEAOl  HEA02 

1  0.00  36. SI 

9.28 

36.  SI 

8.64 

2  9.28  36. SI 

21.  S4 

36.  SI 

8.63 

3  21. S4  36. SI 

27. S4 

36.  SI 

8.62 

SEGMENT  SCANTLINGS 


-SCANTLINGS  OF  SHFFENED  PUTES- 


SnFFENERS 

CATLC  NO.OF 

PLATE 

SPACING 

SEG  • 

•INXINXIN/IN - 

NO 

SHFF  TK,  IN 

IN 

1  *R 

3.920X 

2.000X  0.120/ 

0.180 

2. 

2 

0.437S 

37.12 

2  *R 

3.920X 

2.000X  0.120/ 

0.180 

2. 

4 

0.3438 

29.41 

3  *R 
NOTE: 

3.002X  2.000X  0.12S/ 

*R  STANDS  FOR  ROLLED  SHAPE 

0.188 

1. 

3 

0.3438 

24.00 

SEGMENT  PROPERTIES 

. PROPERTIES  OF  STIFFENED  PUTES- 


- AREA- 

TOTAL 

SHEAR 

N.A.  TO 
PUTE 

- SEC  » 

PUTE 

no - 

FLANGE 

WT/FT 

SMEAR 

RATIO 

SEC 

IN2 

IN2 

IN 

IN3 

IN3 

LBF/FT 

1 

17.12 

0.S4 

0.38 

2S.9S 

2.37 

S8.14 

O.OS 

2 

10.99 

0.S3 

0.42 

22.22 

2.31 

37.33 

0.09 

3 

9.00 

0.44 

0.38 

13. 3S 

1.60 

30.  S7 

0.09 
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PRINTEO  REPORT  NO.  4  >  SIDE  SHELL 


SIDE  StKLL  imu.  TYPC-HY  80 
SHEER  STRAKE  NTRL  TYPE-HY  80 


MODULUS  OF  ELASTICITY. 

KSI 

SHELL 

29600.0 

SHEER  STRAKE 
29600.0 

DENSITY.  LIM/FT3 

489.02 

489.02 

YIELD  STRENGTH.  KSI 

80.00 

80.00 

MAX  PRIMARY  STRENGTH. 

KSI 

23.52 

23.52 

ALLOWABLE  WORKING  STRENGTH.  KSI 

55.00 

55.00 

STIFFENER  SPACING.  IN 

MAX 

48.00 

MIN 

24.00 

SHEER  STRAKE  WIDTH.  FT 

6.00 

SEGMENT  GEOMETRY 

. NODE  COORD 

.  FT . 

— SCNO.  LOAD.  FT- 

SEC  YUPR  ZUPR 

YLWR 

ZLWR 

»^1  HEA02 

1  27.54  36.51 

27.55 

30.51 

7.81 

2  2’  '5  30.51 

27.56 

26.50 

12.00 

3  .J.6  26.50 

27.48 

17.50 

18.51 

4  27.48  17.50 

27.23 

10.00 

26.76 

SEGMENT  SCANTLINGS 

. SCANTLINGS  OF  ST„rFENEO  PLATES 


STIFFENERS 

CATLC  NO.OF  PLATE 

SPACING 

SEC 

- 

■INXINXIN/IN . 

NO 

STIFF  TK,  IN 

IN 

1  ‘R 

3.002X 

2.000X 

0.125/ 

0.188 

1. 

3  0.3438 

24.00 

2  *R 

3.002X 

2.000X 

0.125/ 

0.188 

1. 

1  0.3125 

24.06 

3  ‘R 

3.920X 

2.000X 

0.120/ 

0.180 

2. 

2  0.3438 

36.01 

4  ‘R 

NOTE: 

4.920X  2.000X  0.120/ 

*R  STANDS  FOR  ROLLED  SHAPE 

0.180 

4. 

1  0.4375 

45.02 

SEOIENT  PROPERTIES 

. PROPERTIES  OF  STIFFEMEO  PUTES- 


. AREA- 

N.A.  TO 

- SEC  MOO - 

SMEAR 

TOTAL 

SHEAR 

PUTE 

PUTE 

FLANGE 

WT/FT 

RATIO 

SEC 

IN2 

IN2 

IN 

IN3 

IN3 

LBF/FT 

1 

9.00 

0.44 

0.38 

13.35 

1.60 

30.57 

0.09 

2 

8.27 

0.44 

0.38 

13.05 

1.58 

28.08 

0.10 

3 

13.26 

0.53 

0.38 

25.01 

2.31 

45.03 

0.07 

4 

20.70 

0.66 

0.39 

39.33 

3.01 

70.29 

0.05 
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PIONTEO  REPORT  NO.  S  -  BOTTON  SHELL 


BOTTOM  SMELL  MTRL  TYPE-HY  SO 
MODULUS  OF  ELASTICITY.  KSI  29600.0 

DENSITY.  LBM/FT3  489.02 

YIELD  STRENGTH.  KSI  SO.OO 

MAX  PRIMARY  STRENGTH.  KSI  23.S2 

ALLOWABLE  WORKING  STRENaH.  KSI  SS.OO 

MAX  MIN 

STIFFENER  SPAaNG.  IN  48.00  24.00 


SEGMENT  GEOMETRY 


• 

- NODE  COORD. 

FT - 

— SCNO.  LOAD.  FT- 

SEC 

YUPR 

ZUPR 

YLWR 

ZLWR 

HEADl  HEA02 

1 

27.23 

10.00 

21.38 

1.45 

35.56 

2 

21.38 

1.45 

19.27 

0.86 

39.44 

3 

19.27 

0.86 

12.94 

0.53 

39.84 

4 

12.94 

0.53 

8.59 

0.34 

42.08 

S 

8.S9 

0.34 

3.72 

0.12 

42.93 

6 

3.72 

0.12 

0.00 

0.00 

42.12 

SEGMENT  SCANTLINGS 

. SCANTLINGS  OF  STIFFENED  PLATES 


STIFFENERS 

CATLC  NO.OF 

PUTE 

SPACING 

SEC  • 

•INXINXIN/IN - 

NO 

STIFF  TK.  IN 

IN 

1  ‘R 

4.920X 

3.000X 

0.120/ 

0.180 

6. 

2 

0.4375 

43.58 

2  *R 

3.002X 

2.000X 

0.125/ 

0.188 

1. 

1 

0.3438 

13.56 

3  *R 

4.920X 

2.000X 

0.120/ 

0.180 

4. 

1 

0.5000 

31.02 

4  *R 

4.920X 

2.000X 

0.120/ 

0.180 

4. 

1 

0.4375 

25.18 

5  *R 

4.920X 

3.000X 

0.120/ 

0.180 

6. 

1 

0.5625 

33.12 

6  *R 

NOTE: 

3.920X  2.000X  0.120/ 

*R  STANDS  FOR  ROLLED  SHAPE 

0.180 

2. 

1 

0.3438 

20.72 

SEGMENT  PROPERHES 

. PROPERTIES  OF  STIFFENED  PUTES . 

. AREA .  N.A.  TO  - SEC  MOO -  SMEAR 


TOTAL 

SHEAR 

PLATE 

PLATE 

FLANGE 

WT/FT 

RATIO 

SEC 

1N2 

IN2 

IN 

IN3 

IN3 

LBF/R 

1 

20.26 

0.66 

0.45 

45.93 

4.05 

68.79 

0.06 

2 

5.41 

0.44 

0.51 

9.32 

1.59 

18.38 

0.16 

3 

16.51 

0.67 

0.47 

33.15 

3.05 

56.06 

0.06 

4 

12.02 

0.66 

0.52 

28.90 

2.99 

40.80 

0.09 

5 

19.82 

0.68 

0.52 

41.05 

4.15 

67.31 

0.06 

6 

8.00 

0.53 

0.51 

17.73 

2.30 

27.18 

0.12 
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PRIirrEO  REPORT  NO.  «  -  INNER  ROTTON 


INNER  BOTTOM  KTRL  TYPE-HY  80 
NOCNH.US  OF  ELASTICITY.  KSI  29600.0 

DENSITY.  UM/FT3  489.02 

YIELD  STRENCTM.  KSI  80.00 

MAX  PRIMARY  STRENCTM.  KSI  23.S2 

ALLOMUBLE  WORKING  STRENGTH.  KSI  SS.OO 

MAX  MIN 

STIFFENER  SPAaNG.  IN  48.00  24.00 


SEGMENT  GEOMETRY 

- node  cooro.  ft 


SEC 

YUPR 

ZUPR 

YLWR 

1 

2S.23 

10.00 

21.38 

2 

21.38 

2. SO 

19.27 

3 

19.27 

2.$0 

12.94 

4 

12.94 

2.50 

8.59 

S 

8.S9 

2.50 

3.72 

6 

3.72 

2.50 

0.00 

SCNO.  LOAD.  FT— 


ZLMR 

HEADl 

HEA02 

2.50 

3.14 

38.99 

2.50 

2.64 

39.70 

2.50 

3.26 

38.21 

2.50 

2.97 

35.25 

2.50 

3.05 

33.02 

2.50 

2.88 

30.70 

SEGMENT  SCANTLINGS 


-SCANaiNGS  OF  STIFFENED  PUTES- 
CATLG  NO.OF 


0.180 


NO 

2. 


PUTE 
SnFF  TK.  IN 
2  0.37$0 


SPAQNG 

IN 

34.92 


STIFFENERS 
SEC  - INXINXIN/IN 


1  *R 

3.920X 

2.000X 

0.120/ 

2  *R 

3.002X 

2.000X 

0.125/ 

3  *R 

3.920X 

2.000X 

0.120/ 

4  ‘R 

3.002X 

2.000X 

0.125/ 

5  *R 

3.002X 

2.000X 

0.125/ 

6  *R 

3.002X 

2.000X 

0.125/ 

NOTE; 

*R  STAM)S 

FOR  ROLLED  SHAPE 

0.188 

1. 

1 

0.2188 

12.64 

0.180 

2. 

1 

0.4375 

38.00 

0.188 

1. 

1 

0.4375 

26.10 

0.188 

1. 

1 

0.5000 

29.24 

0.188 

1. 

1 

0.3438 

22.30 

SEGMENT  PROPERTIES 


* 

- PROPERTIES  OF 

. AREA- 

N.A.  TO 

TOTAL 

SHEAR 

PLATE 

SEC 

IN2 

IN2 

IN 

1 

13.97 

0.54 

0.38 

2 

3.52 

0.43 

0.62 

3 

17.50 

0.54 

0.38 

4 

12.17 

0.45 

0.37 

5 

15.37 

0.46 

0.37 

6 

8.42 

0.44 

0.39 

SnFFENED  PUTES 


—SEC 

MOO - 

SMEAR 

PLATE 

FIANCE 

WT/FT 

RATIO 

IN3 

IN3 

LBF/R 

24.94 

2.33 

47.45 

0.07 

6.79 

1.52 

11.94 

0.27 

26.22 

2.37 

59.45 

0.05 

14.40 

1.65 

41.33 

0.07 

15.07 

1.70 

52.20 

0.05 

12.80 

1.60 

28.59 

0.10 
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PRIHTED  REPORT  NO.  7  -  INTERNAL  DECKS 


NUMBER  OF  INTERNAL  DECKS  3 
INTERNAL  OEa  NTRL  TYPE-HY  BO 
MODULUS  OF  ELASnCITY,  KSI  29600.0 

DENSITY.  L8N/FT3  4S9.02 

YIELD  STRENGTH.  KSI  80.00 

MAX  PRIMARY  STRENGTH.  KSI  23. S2 

ALLOWABLE  WORKING  STRENGTH.  KSI  SS.OO 


SEGMENT  GEOICTRY 


- NODE  COORD, 

FT - 

— SCNO. 

LOAD,  FT- 

SEC 

YIB 

ZIB 

YOB 

20B 

HEADl 

HEA02 

DECK  NO.l 

SEC 

1 

0.00 

26.50 

9.28 

26.50 

2.67 

25.40 

2 

9.28 

26.50 

17.90 

26.50 

2.67 

29.87 

3 

17.90 

26.50 

27.56 

26.50 

2.67 

34.36 

DECK  N0.2 

SEC 

1 

0.00 

17.50 

9.28 

17.50 

2.67 

25.40 

2 

9.28 

17.50 

17.90 

17.50 

2.67 

29.87 

3 

17.90 

17.50 

27.48 

17.50 

2.67 

34.36 

DECK  NO. 3 

SEC 

1 

0.00 

10.00 

9.28 

10.00 

2.67 

25.40 

2 

9.28 

10.00 

17.90 

10.00 

2.67 

29.87 

3 

17.90 

10.00 

27.23 

10.00 

2.67 

34.36 

SEGMENT  SCANTLINGS 


SCANTLINGS  OF  STIFFEtCD  PUTES 


STIFFENERS 

CATLC  NO.OF 

PUTE 

SPAaNC 

SEC  . 

•INXINXIN/IN - 

-  NO 

STIFF  TK,  IN 

IN 

DECK  NO.l 

1  *R  3.0Q2X  2.000X 

0.125/ 

0.188  1. 

3 

0.2500 

27.84 

2  *R  4.920X 

2.000X 

0.120/ 

0.180  4. 

3 

0.2500 

25.86 

3  *R  4.920X 

2.000X 

0.120/ 

0.180  4. 

3 

0.2813 

29.00 

DECK  NO. 2 

1  *R  3.002X 

2.000X 

0.125/ 

0.188  1. 

2 

0.2500 

37.12 

2  ^R  3.920X 

2.000X 

0.120/ 

0.180  2. 

2 

0.2500 

34.47 

3  *R  3.920X 

2.000X 

0.120/ 

0.180  2. 

2 

0.2813 

38.33 

DECK  NO. 3 

1  *R  3.002X 

2.000X 

0.125/ 

0.188  1. 

2 

0.2500 

37.12 

2  3.920X 

2.000X 

0.120/ 

0.180  2. 

2 

0.2500 

34.47 

3  *R  3.920X 

2.000X 

0.120/ 

0.180  2. 

2 

0.2813 

37.31 

NOTE:  'R  STANDS  FOR  ROLLED  SHAPE 

SEGMENT  PROPERTIES 

- PROPERHES  OF 

STIFFENED  PUTES— ■ 

AOrA. 

Al  A  TA 

err 

SMEAR 

TOTAL 

SHEAR  PLATE 

PUTE  FLANGE 

WT/FT 

RATIO 

SEC  IN2 

IN2 

IN 

IN3 

IN3 

LBF/R 

DECK  NO.l 

1  7.71 

0.43 

0.36 

13.28 

1.56 

26.18 

0.11 

2  7.46 

0.64 

0.60 

22.89 

2.88 

25.35 

0.15 

3  9.16 

0.65 

0.53 

26.72 

2.90 

31.10 

0.12 

DECK  N0.2 

1  10.03 

0.43 

0.31 

15.97 

1.56 

34.06 

0.08 

2  9.50 

0.52 

0.41 

22.01 

2.26 

32.26 

0.10 

3  11.66 

0.53 

0.37 

24.70 

2.28 

39.60 

0.08 

DECK  NO.  3 

1  10.03 

0.43 

0.31 

15.97 

1.56 

34.06 

0.08 

2  9.50 

0.52 

0.41 

22.01 

2.26 

32.26 

0.10 

3  11.38 

0.53 

0.38 

24.28 

2.28 

38.63 

0.08 

1>-15 


PRINTED  REPORT  NO.  I  -  STRENGTH  AM)  STRESS  OF  STIFFENED  PLATE 

AT  DESKM  LOAD 


SEC  -PIOHARY 

STRESS- 

-LOCAL  STRESS- 

-STRENGTH- 

COLUMN 

TENSION 

COMP. 

BEND. 

SHEAR 

BUCKL. 

ULTDMTE 

KSI 

KSI 

KSI 

KSI 

KSI 

KSI 

KSI 

NET  DECK 

1  13.10 

10.92 

11.62 

4.21 

14.87 

35.67 

32.39 

2  13.10 

10.92 

9.44 

3.40 

14.62 

35.41 

44.06 

3  13.10 

10.92 

11.09 

3.34 

21.96 

42.01 

31.59 

SIDE  SI^L 

1  12.17 

10.15 

10.05 

3.03 

21.96 

42.01 

31.59 

2  10.61 

8.85 

15.64 

4.71 

18.05 

38.73 

33.71 

3  8.S9 

7.16 

24.73 

8.93 

9.76 

29.69 

39.05 

4  6.71 

5.91 

34.32 

12.96 

10.10 

30.15 

40.63 

DOT  SHELL 

1  7.S4 

8.27 

32.78 

16.66 

10.79 

31.03 

48.94 

2  7.90 

9.31 

28.89 

8.65 

63.82 

64.00 

45.34 

3  7.94 

9.42 

34.79 

13.14 

27.81 

46.20 

47.08 

4  8.15 

10.02 

30.33 

11.39 

32.31 

48.99 

53.81 

5  8.23 

10.25 

29.36 

14.95 

30.86 

48.13 

50.33 

6  8.16 

10.03 

32.57 

11.69 

29.47 

47.27 

51.46 

INNER  BOT 

1  7.42 

7.93 

50.15 

18.11 

12.34 

32.92 

37.87 

2  7.77 

8.93 

28.32 

8.42 

32.05 

48.84 

52.95 

3  7.77 

8.93 

52.61 

19.05 

14.19 

34.96 

31.71 

4  7.77 

8.93 

47.68 

14.50 

30.06 

47.64 

24.93 

5  7.77 

8.93 

48.65 

14.96 

31.29 

48.38 

20.69 

6  7.77 

8.93 

36.75 

11.08 

25.43 

44.58 

33.61 

INT  DECK 

NO.  1 

1  9.99 

8.33 

38.93 

11.75 

8.63 

28.11 

35.00 

2  9.99 

8.33 

23.02 

8.60 

10.00 

30.02 

61.63 

3  9.99 

8.33 

29.43 

11.02 

10.07 

30.11 

58.24 

IKT  DECK 

NO.  2 

1  0.00 

0.00 

51.76 

15.66 

4.85 

21.64 

27.50 

2  0.00 

0.00 

39.05 

14.09 

5.63 

23.16 

46.88 

3  0.00 

0.00 

49.54 

17.90 

5.76 

23.42 

41.98 

INT  DECK 

NO.  3 

1  0.00 

0.00 

51.76 

15.66 

4.85 

21.64 

27.50 

2  0.00 

0.00 

39.05 

14.09 

5.63 

23.16 

46.88 

3  0.00 

0.00 

48.23 

17.42 

6.08 

24.00 

42.64 
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PRINTED  REPORT  NO.  9  -  FACTOR  OF  SAFETY  OF  STIFFENED  PUTE 

AT  OESZOi  LOAD 


—PUTE-  -STIFFENER . SnFFENED  PUTE 


SEC  BUCKLING 

SHEAR 

C0MP4-BEND 

ULTIMATE 

TENSIONfBENO 

WET  DECK 

1 

1.30 

7.84 

1.40 

1.01 

2.22 

2 

1.28 

9.70 

1.8S 

1.37 

2.44 

3 

1.89 

9.87 

1.39 

1.14 

2.27 

SIDE  SHELL 

1 

2.04 

10.89 

l.Sl 

1.23 

2.48 

2 

1.84 

7.00 

1.48 

1.33 

2.09 

3 

1.17 

3.70 

1.38 

1.39 

1.6S 

4 

1.39 

2.5S 

1.19 

1.69 

1.34 

BOT  SHELL 

1 

1.11 

1.98 

1.18 

1.S6 

1.36 

2 

S.39 

3.81 

1.20 

2.4S 

1.49 

3 

2. SI 

2. SI 

1.07 

1.97 

1.29 

4 

2.78 

2.90 

1.21 

2.27 

1.43 

S 

2.62 

2.21 

1.19 

2.06 

1.46 

6 

2.42 

2.82 

1.13 

1.99 

1.3S 

INNER  BOT 

1 

$.14 

1.82 

1.10 

S.19 

1.10 

2 

9.8S 

3.92 

1.94 

7.9S 

1.94 

3 

S.B2 

1.73 

l.OS 

4.SS 

l.OS 

4 

10.68 

2.28 

I.IS 

4.22 

I.IS 

S 

11.09 

2.21 

1.13 

3.SS 

1.13 

6 

10.80 

2.98 

l.SO 

6.36 

l.SO 

iifr  OEa 

NO.  1 

I 

3.68 

2.81 

1.41 

4.20 

1.41 

2 

1.02 

3.84 

1.70 

1.89 

1.67 

3 

1.01 

2.99 

1.40 

1.76 

1.40 

IMT  DECK 

NO.  2 

1 

1.87 

2.11 

1.06 

2.29 

1.06 

2 

2.73 

2.34 

1.41 

S.27 

1.41 

3 

2.46 

1.84 

1.11 

4.19 

1.11 

INT  DEa 

NO.  3 

1 

1.87 

2.11 

1.06 

2.29 

1.06 

2 

2.73 

2.34 

1.41 

S.27 

1.41 

3 

2.62 

1.89 

1.14 

4.40 

1.14 
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PRINTED  REPORT  NO.  10  -  GIROER  PROPERTIES,  STRENCTN 

AND  FACTOR  OF  SAFETY 

DEQC  m$L  TYPE-HY  SO  BOT  im  TYPC-HY  10 
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PRINTED  REPORT  NO.  11  -  LONGITUDINAL  1ULKHEAD5 


NUMBER  OF  LONG  BHO  6 
LONG  BHD  MTRL  TYPE-NY  $0 
MODULUS  OF  ELASnCTTY.  ESI 
DENSITY,  LBM/FTS 
YIELD  STRENGTH,  ESI 
MAX  PRIMARY  STRENGTH,  ESI 
AUCUABLE  WOREING  STRENGTH. 
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ooax 

a.ooox 

o.us/ 

O.lM 

1 

0 

•.tus 

sr.M 

•  *9 

1 

oaoK 

a.OOQK 

0.100/ 

O.lM 

a 

a 

•.ISM 

n.M 

mm  No.o 

no 

1  •• 

0 

ooax 

a.OOQK 

o.us/ 

O.lM 

1 

4 

o.aoM 

M.M 

a  •• 

0 

ooax 

a.OOQK 

o.aiv 

O.lM 

1 

0 

o.sus 

n.M 

0  *0 

0 

oaoK 

a.OOQK 

•.uo/ 

O.lM 

a 

a 

o.asM 

M.n 

NOn: 

••  fniNDO 

1 

i 

i 

at 

MX 

nx 

MX 

MX 

an  NO.  1 
no 

1 

as.M 

•.ss 

u.so 

M.oa 

H.M 

a 

40.07 

U.M 

M.M 

M.U 

M.n 

0 

M.M 

M.M 

7.M 

M.M 

40.70 

an  NO.  a 
nc 

1 

at.at 

a.  SI 

U.SO 

M.oa 

n.To 

a 

40.07 

u.«r 

M.oa 

M.U 

M.M 

a 

M.M 

M.M 

r.M 

ao.ao 

40.70 

an  NO.  0 

IK 

1 

at.N 

a. IS 

U.SO 

oa.oa 

n.M 

a 

«.«7 

u.*r 

M.M 

fS.U 

n.M 

0 

40.M 

M.M 

a.M 

ao.ao 

40.70 

ann.  4 

SK 

1 

M.M 

o.ss 

U.M 

oa.oa 

M.70 

a 

41.07 

u.n 

M.M 

M.U 

n.M 

a 

4o.n 

M.M 

7.M 

ao.ao 

40.H 

ann.  s 
no 

1 

M.M 

o.ss 

U.SO 

oa.oa 

n.70 

a 

4X.07 

u.a7 

M.n 

M.U 

n.M 

0 

M.M 

M.M 

7.M 

ao.ao 

40.70 

an  n.  0 
an 

1 

M.M 

o.ss 

U.SO 

oa.oa 

n.70 

a 

M.«7 

u.n 

M.n 

M.U 

n.M 

0 

M.M 

M.U 

7.M 

— fNClOK 

ao.ao 

00  lAOl 

M.70 

;  os  trufmm  sum— 


1 

a 

9 

wm  NO. 
1 
a 

t 

WNO. 

1 
a 

t 


Toru"* 

0— — 

MM 

N.A.  TO 
OUTt 

— iK» 
OUTt 

w/or 

If 

onn.  4 

1 

IK 

0.14 

a.M 

1.04 

0.S7 

IK 

wa 

na 

n 

M 

MO 

mm 

a 

s.a 

a.M 

i.ao 

4.02 

ann.i 

t 

O.M 

a.as 

l.OS 

S.M 

IK 

onn.  s 

m 

1 

0.70 

o.M 

O.M 

tt.Ol 

l.SS 

a.M 

O.U 

1 

o.u 

a.M 

1.04 

0.S7 

a 

O.M 

0.44 

O.M 

U.M 

a.  so 

n.a 

O.M 

a 

S.77 

a.M 

i.ao 

4.00 

0 

O.M 

o.sa 

0.44 

M.oa 

t.M 

M.n 

O.U 

a 

O.M 

a.as 

l.OS 

l.SO 

an  No.a 

ann.  0 

ns 

ne 

1 

0.M 

o.M 

1.04 

0.S7 

1 

0.70 

O.M 

O.M 

u.n 

l.M 

aa.04 

O.U 

a 

0.77 

a.M 

I.ao 

4.oa 

a 

0.10 

0.44 

O.M 

u.n 

l.M 

Ol.U 

O.M 

a 

O.M 

a.as 

l.M 

s.so 

0 

O.M 

O.sa 

0.44 

M.tt 

a.M 

M.40 

O.U 
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PUNTED  NEPOU  NO.  U  -  TRANSVERSE  RULKHEADS 


TRANS  BNO  MTRL  TYPE-WY  RO 
NOOULUS  OF  ELASTICITY.  KSX  29600.0 

DENSITY,  UM/FTS  469.02 

YXELO  STRENCTH.  KSI  10.00 

IMX  PRBMRY  STRENCTH.  KSI  23.52 

ALL0HA8U  MORKINC  STRENCTH.  KSI  SS.OO 

NAX  WW 

STIFFENER  SFAdNC,  IN  48.00  24.00 


SCONENT  CEONETRY 

- NODE  OOORO. 

SEC  YUPR  ZUFR 

1  0.00  36.51 

2  0.00  26.50 

3  0.00  17.50 

4  0.00  10.00 

SEGNENT  SCANTLINGS 

. SCANTLINGS  OF  STIFFENED  PLATES- 


SnFFENERS 

CATLC  NO.OF 

PLATE 

SPAaNC 

SEC  - 

•INXINXIN/IN - 

NO 

STIFF  TK,  IN 

IN 

1  *R 

6.9S0X 

3.000X 

0.180/ 

0.250 

14 

12 

0.1875 

30.03 

2  *R 

6.990X 

3.000X 

0.180/ 

0.310 

17 

12 

0.1875 

27.00 

3  *R 

6.9S0X 

3.000X 

0.180/ 

0.250 

14 

9 

0.2188 

30.00 

4  ‘R 

NOTE: 

6.990X  3.000X  0.180/ 

*R  STANDS  FOR  ROLLED  SHAPE 

0.310 

17 

9 

0.2188 

30.00 

pr - SCND.  LOAD.  FT— 


YLMR 

ZLHR 

NEAOl 

0.00 

26.50 

22.40 

0.00 

17.50 

30.15 

0.00 

10.00 

36.52 

0.00 

2.50 

41.09 

SEGMENT  PROPERTIES 

- PROPERTIES  OF 

- AREA -  N.A.  TO 


TOTAL 

SHEAR 

PLATE 

SEC 

ZN2 

1N2 

IN 

1 

7.69 

1.33 

1.40 

2 

7.31 

1.35 

1.66 

3 

8.62 

1.34 

1.28 

4 

8.81 

1.35 

1.41 

STIFFENED  PLATES 


—SEC  NOD - 

SMEAR 

PUTE 

FLANGE 

Wr/FT 

RATIO 

ZN3 

IN3 

LfF/FT 

33.98 

7.98 

26.12 

0.37 

31.98 

9.12 

24.84 

0.44 

38.53 

8.05 

29.28 

0.31 

39.93 

9.25 

29.93 

0.34 

STRENCTH  AND  STRESSES 
AT  DESIGN  LOAD 


—LOCAL 

STRESS— 

-STRENCTH- 

BEND. 

SHEAR 

BUCKL. 

ULTDMTE  COLUMN 

KSI 

KSI 

KSI 

KSX 

KSI 

SEC 

1 

52.61 

11.49 

7.43 

26.29 

49.76 

2 

49.29 

13.06 

7.43 

26.29 

49.76 

3 

54.96 

15.28 

7.43 

26.29 

49.76 

4 

54.87 

20.11 

7.43 

26.29 

49.76 

......CATTW  nr  cAmv 

AT  DESIGN  LOAD 

-PLATE-  -STIFFENER . SnFFENEO  PLATE - 

BUCKLING  SHEAR  COMP^-BENO  ULTIMATE  TENSI0N4^BEND. 


SEC 


1 

3.14 

2.87 

1.05 

5.53 

2 

3.14 

2.53 

1.12 

5.53 

3 

3.14 

2.16 

1.00 

5.53 

4 

3.14 

1.64 

1.00 

5.53 

1.35 

1.35 

1.35 

1.35 
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puntbi  report  no.  u  -  side  and  botton  franes 


FMME  SmONC. 

FT 

0.00 

SIOCNr  CraCTRY 

SEC 

WFR 

2IIFR 

VIMR 

ZIM 

NEm  1 

SDC  FRMC 

SEC 

1 

27.14 

3C.S1 

27.  SC 

M.SO 

M.Ol 

2 

27.  SC 

M.SO 

27.40 

17.10 

23.01 

S 

27.40 

17.S0 

27.23 

10.00 

30.  SI 

•or  FRMC 

SEC 

1 

27.23 

10.00 

21. 30 

1.4S 

39.00 

2 

21.  M 

1.4S 

19.27 

0.00 

39.0S 

S 

U.27 

O.M 

12.94 

0.S3 

39.90 

4 

12.S4 

0.S3 

•.S9 

0.34 

40.17 

S 

C.SR 

0.34 

3.72 

0.12 

40.39 

• 

3.72 

O.U 

0.00 

0.00 

40.  SI 

SCGNDfT  SOMRIMS 


■SOyOUNCS  OF  SnFFENEO  FUTfS 


SnFFENERS 

omc 

FIATE 

SFMN 

SIK  FR4ME 

MONiaN/lN - 

NO 

IK,  IN 

FT 

SEC 

1  *R 

C.990X 

S.OOOX 

0.190/ 

0.310 

23. 

0.3430 

10.01 

2  nt 

9.990X 

3.000X 

0.2S0/ 

0.310 

31. 

0.312S 

9.00 

3  *9  0.9301 

•or  FRAME 

3.000X 

0.2S0/ 

0.370 

30. 

0.3430 

7.  SO 

SEC 

1 

24.000X 

14.02 SX 

0.S7S/ 

0.37S 

0.437S 

13.07 

2 

lO.llSX 

S.S33X 

0.219/ 

0.219 

0.3430 

2.20 

3 

21.02SX 

17.0C3X 

0.430/ 

0.430 

O.SOOO 

0.34 

4 

24.777X 

17.0C3X 

0.430/ 

0.430 

0.437S 

4.30 

S 

27.244X 

S9.S00X 

O.SOO/ 

O.SOO 

0.SC2S 

4.00 

0 

NOTE: 

29.273X  ]3.40n  0.344/ 

*R  STNNDS  FOR  ROUEO  SIMPE 

0.344 

0.3430 

3.72 

SEOCNr  FROFERmS 

- FROFCRnCS  OF  snFFENEO  FUTIS- 


- AREA 

N.A.  TO 

- SEC  MOO - 

SMEAR 

TOTAL 

SHEAR 

FUTE 

FIATE 

FIANCE 

W/FT 

RATIO 

SEC 

DU 

DU 

Dl 

DD 

DI3 

lOF/FT 

SIDE  FRAME 

SEC 

1 

27.03 

1.30 

0.7S 

UC.20 

13.79 

93.04 

0.12 

2 

2S.94 

2.SS 

1.03 

113.10 

17.4S 

00.09 

O.IS 

3 

20.13 

2.41 

0.91 

150.70 

U.Cl 

9S.S4 

0.14 

•or  FRAME 

SEC 

1 

20.00 

9.30 

U.09 

104.02 

109.99 

70.92 

0.14 

2 

0.33 

3.CS 

7.33 

S3.19 

41.74 

20.M 

0.14 

3 

2S.4C 

9.07 

10.04 

213.03 

197. S4 

00.45 

0.14 

4 

2S.77 

11.22 

12.03 

220.27 

220.27 

07.51 

0.14 

S 

34.34 

14.15 

13.00 

3S3.07 

330.33 

110.02 

0.14 

0 

19.20 

10.30 

14.90 

102.94 

102.94 

CS.49 

0.14 

STRESS  AND  FACTOR  OF  SAFETY 

-STRESS, 

RSI- 

- FOS - 

•ENODIC 

SHEAR 

•EHDDK 

SHEAR 

SIDE  FRAME 

SEC 

1 

S2.33 

19.M 

1.0S 

LM 

2 

S4.02 

IS.OO 

1.00 

2.19 

3 

S2.S0 

10.33 

1.04 

1.00 

•or  FRAME 

SEC 

1 

34. 9S 

10.00 

1.S7 

3.U 

2 

3.00 

4.01 

14.47 

7.1S 

3 

7.20 

4.90 

7.57 

C.CS 

4 

3.10 

3.01 

17.73 

10.9S 

S 

2.01 

2.09 

21.0S 

12.27 

0 

2.04 

2.03 

19.30 

11.00 

PMirrED  REPORT  NO.  14  -  DEa  SEANS 


FRMC  Sf>ACINC.  FT  6.00 

SCMVr  GtOHCTRV 

- MM  OOOW,  FT - SOB.  LAM,  FT— 


SK 

MT  MCK 

vn 

SK 

ZU 

TOO 

no 

NCMl 

1 

e.oe 

10.21 

0.20 

SO.Sl 

t.so 

2 

OCCK  M. 

•.2S 

1  SK 

SO.Sl 

27.S4 

SO.Sl 

0.40 

1 

O.M 

M.SO 

0.20 

20.S0 

2.70 

2 

•.20 

2t.se 

17.M 

20.S0 

2.70 

1 

MCK  M. 

V.M 

2  SK 

2t.SO 

27.S0 

20.S0 

2.01 

1 

O.M 

I2.S0 

0.20 

i7.se 

2.70 

2 

t.2i 

12.S0 

17.00 

17.S0 

2.70 

S 

BSa  HO. 

17.M 

S  SK 

12.S0 

27.40 

S7.S0 

2.01 

1 

O.M 

10.00 

0.20 

10.00 

2.70 

2 

0.20 

10.00 

17.00 

10.00 

2.70 

i 

17.W 

10.00 

27.21 

u.oo 

2.01 

SeOCNT  SCMTUMS 

- SCMTUMS  OF  SnFFBBD  FUTSS - 


SnFFCNKS 

CRTLC 

1 

SPM 

HOT  DOCK 

- IHXlHnH/IH - 

SK 

M 

TK.  M 

FT 

1  *0 

O.OSOX 

2.000X 

0.100/ 

0.2S0 

U. 

0.4S7S 

0.20 

2  *0 
OCCK  n. 

O.MOX 

1  SK 

S.OOOX 

0.2S0/ 

0.S70 

4S. 

e.S4So 

1S.M 

1  •« 

S.020X 

2.eoox 

0.120/ 

0.100 

2. 

0.2SM 

0.20 

2  *0 

S.020X 

2.000X 

0.120/ 

O.IM 

2. 

0.2SM 

0.02 

S  *0 
Ma  n. 

4.S20X 

2  SK 

2.000X 

0.120/ 

o.iao 

4. 

0.20U 

0.07 

1  ‘R 

S.020X 

2.oeox 

0.120/ 

O.IM 

2. 

0.2SM 

0.20 

2  *R 

S.020X 

2.000X 

0.120/ 

O.IM 

2. 

0.2SM 

0.02 

S  ‘R 
DOCK  M. 

4.020X 

S  SK 

2.eoox 

0.120/ 

O.IM 

4. 

0.2S1S 

o.so 

1  ‘R 

S.020X 

2.000X 

0.120/ 

O.IM 

2. 

o.2sn 

0.20 

2  M 

S.020X 

2.oaox 

0.120/ 

O.IM 

2. 

0.2SM 

0.02 

S  M 
HOTO: 

S.020X 
«R  STMOS 

2.000X  0.120/ 

FM  ROUD  SHMC 

O.IM 

2. 

0.2tlS 

o.ss 

SCCNEMT  FMFCRneS 


- FRO( 

7CRTICS  OF 

STIFFCNCO 

FWTCS - 

- MCA- 

-  H.A.  TO 

SHCM 

TOTM. 

SHCM 

FLATC 

FUTC 

FUWCe  HT/FT 

R*no 

SK  IH2 

tH2 

IN 

INS 

m  LOF/FT 

HCT  oca 

SK 

1  SS.Sl 

1.S7 

0.40 

101.72 

0.7S  US.12 

O.M 

2  20.1S 

2.M 

1.20 

1M.S4 

20.01  M.04 

0.10 

oca  M.  1 

SK 

1  lO.M 

0.S2 

0.27 

S4.M 

2.27  04.U 

o.os 

2  lO.M 

0.S2 

0.27 

S4.0S 

2.27  04.U 

o.os 

S  21.2S 

o.os 

O.Sl 

40.30 

2.0S  72.10 

o.os 

oca  M.  2 

SK 

1  lO.M 

0.S2 

0.27 

S4.03 

2.27  04.U 

o.os 

2  lO.M 

0.S2 

0.27 

S4.0S 

2.27  04.U 

o.os 

S  21.2S 

O.OS 

0.31 

40.S0 

2.0S  72.10 

o.os 

oca  M.  s 

SK 

1  lO.M 

0.S2 

0.27 

S4.0S 

2.27  04.12 

o.os 

2  10.M 

0.S2 

0.27 

S4.M 

2.27  04.12 

0.0S 

S  21.1S 

O.SS 

0.27 

SS.24 

2.20  71.77 

0.04 

STRCSS  MD  FROM 

OF  SOFCTV 

-STMSS,  KSI-  - FOS - 


OCNUK 

M|MAM 

onoiM 

SHCM 

HCT  oca  SK 

1 

ss.os 

U.SS 

1.02 

2.M 

2 

S4.77 

U.12 

1.M 

2.07 

oca  M. 

.  1  SK 

1 

S1.SS 

0.47 

1.07 

S.40 

2 

44.4S 

0.70 

1.24 

S.7S 

s 

44.N 

O.IS 

1.2S 

O.M 

oca  M. 

.  2  SK 

1 

S1.SS 

0.47 

1.07 

S.40 

2 

44.4S 

0.70 

1.24 

S.7S 

s 

4S.M 

O.OS 

1.27 

4.10 

oca  m. 

.  S 

SK 

1 

S1.SS 

0.47 

1.07 

S.40 

2 

44.4S 

0.70 

1.24 

S.7S 

s 

S2.7S 

O.OS 

1.04 

S.43 
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PUNTED  REPOU  NO.  IS  -  LONGXTtOINAL  BUUCHEAD  VERTICAL  STZFFENERS 

NUMBER  Of  LONG  BHO  6 
FRAME  SPACING,  FT  6.00 


- 

«6  MM 

*  SST* 

MM 

AM 

— fOA.  IM. 
fCM2  ICM2 

•  22.42 

fcM  N0.4  me 

M.U 

2.U 

2.U 

LM  NO.i  MB 

i 

M.04 

U.22 

2.U 

2.M 

1  ».«1 

N.U 

22.tt 

M.M 

22.M 

2 

14.22 

M.M 

2.02 

2.22 

>  tS.fl 

20.10 

IS.tt 

22. M 

M.U 

» 

12.42 

M.U 

2.M 

2.U 

S  2S.tt 

22.10 

2f.U 

10.00 

M.22 

uwNo.*  m 

IM  10.2  »6 

2 

M.0« 

U.22 

2.U 

2.U 

2  2$.«l 

M.U 

2f.U 

M.M 

a.4o 

2 

24.22 

M.M 

2.U 

2.22 

2  2$.<t 

20.20 

2f.U 

22.M 

M.U 

0 

tt.42 

M.U 

2.02 

2.U 

>  2s.a 

22.20 

22.U 

lO.M 

M.22 

iM 

MO.O  M6 

IjM  NO.l  «6 

2 

M.04 

U.22 

2.M 

2.M 

i  2S.tt 

M.22 

2S.U 

M.M 

U.40 

2 

14.22 

M.M 

2.U 

2.22 

2  a.tt 

20.20 

2S.tt 

22.M 

M.U 

0 

U.42 

M.U 

i.U 

2.U 

t  2S.tt 

IM  N0.4  NC 

22.20 

2S.tt 

20.M 

M.22 

2  2S.«2 

M.U 

22. U 

M.M 

U.40 

2  2S.t2 

M.20 

2S.U 

22.M 

M.U 

•  2S.t2 

IMNO.S  me 

22.20 

2S.U 

M.M 

M.22 

2  2S.U 

M.U 

2S.U 

M.M 

U.40 

2  2S.<2 

M.M 

22.U 

22.M 

M.M 

1  2$.U 

22.M 

22. tt 

20.M 

U.22 

iM  NO.i  «e 

2  2S.t2 

M.22 

2S.U 

M.M 

U.40 

2  2S.«2 

M.20 

2S.U 

22. M 

M.U 

I  2S.«2 

22. M 

22.U 

M.M 

H.22 

momn  wcmima 

- — «CMirLB«S  Of  ITtffaP  fUTCft— " 

mfnwi  aTu  fUTt  mm 

$tc  — -  m  n.  »  fr 

IM  NO.l  «C 


2 

O.OiOO 

4.00U 

0.290/ 

0.220 

M. 

0.29M 

M.U 

2  •• 

0.02U 

4.O0VK 

0.290/ 

0.220 

M. 

0.2129 

O.U 

2  *0 

IM  N0.2 

0.02U 

MG 

4.aaw 

t.nt/ 

0.2M 

M. 

0.29U 

2.M 

2  *1 

f.OOU 

4.oon 

0.290/ 

0.220 

M. 

0.29U 

M.U 

2  •• 

0.02U 

4.qb2h 

0.290/ 

0.220 

M. 

0.2129 

O.U 

2  •• 

IM  M.2 

2.20U 

*MC 

4.aRM 

o.tss/ 

0.2M 

H. 

0.29U 

2.M 

2  *0 

O.UQR 

4.00U 

0.2M/ 

0.220 

M. 

0.29U 

M.OI 

2  *0 

v.ioaR 

4.00U 

•.IM/ 

0.220 

M. 

0.2129 

O.U 

2  •• 

iM  M.4 

2.02U 

*2IC 

4.oon 

0.290/ 

0.2M 

29. 

0.29M 

2.M 

2  •• 

4.4900 

4.00U 

o.tw 

0.220 

M. 

0.29U 

M.U 

2  *0 

O.flOU 

4.00U 

0.2M/ 

0.220 

M. 

0.2129 

O.U 

2  *0 

IM  NO.S 

2BC 

4.00U 

0.2M/ 

0.2M 

M. 

0.29U 

2.U 

2 

O.iNK 

4.00U 

0.290/ 

0.920 

M. 

0.29U 

M.U 

2  •• 

o.tou 

4.00U 

0.290/ 

0.220 

U. 

a.ius 

O.U 

2  U 

IM  NO.O 

0.200K 

*2K 

4.00U 

0.290/ 

0.2M 

29. 

0.29U 

2.M 

2  •• 

O.fiU 

4.00U 

•.aso/ 

0.220 

M. 

0.2900 

M.U 

2  •« 

f.OOU 

4.0BU 

0.290/ 

0.220 

M. 

0.2129 

O.U 

2  *11 
NOTB:  < 

O.OOU  4.00n  0.2M/ 

t  fTMO  MB  lOUJD  SWfC 

0.9M 

M. 

0.2900 

2.M 

sBMwr  faofotms 


— foofunu 
— —  N.A.  TO 

U  STIfflWg 

1  fUTU — 

MM 

TOTM. 

SWM 

fUTt 

OUT! 

fUMM 

wr/rr 

UTU 

9BC  90 

912 

91 

90 

90 

LOf/n 

IM  NO.l  me 

1  22.U 

2.M 

I.U 

lU.M 

U.20 

24.21 

O.U 

2  M.M 

2.09 

I.U 

120.  U 

U.02 

U.N 

O.U 

2  21.29 

2.M 

l.M 

144.U 

20.M 

72.M 

0.21 

IM  N0.2  MO 

1  U.U 

2.M 

I.U 

lU.M 

U.20 

24.21 

O.U 

2  M.M 

2.U 

I.U 

120.U 

n.02 

U.N 

O.U 

2  U.29 

2.M 

l.M 

144.U 

M.M 

22.M 

O.U 

iM  N0.2  MO 

1  U.U 

2.M 

I.U 

lU.M 

U.20 

24.21 

O.U 

2  M.M 

2.U 

I.U 

120.U 

U.M 

U.N 

O.U 

2  a.29 

2.M 

l.M 

IM.U 

M.M 

29.M 

O.U 

LM  U.4  MO 

1  U.U 

2.M 

I.U 

lU.U 

U.20 

74.21 

O.U 

2  M.M 

2.U 

I.U 

120.U 

U.M 

U.M 

O.U 

2  U.2S 

2.M 

l.M 

IM.U 

M.M 

22.U 

O.U 

IM  N0.9 

MO 

1  U.U 

2.M 

I.U 

lU.U 

a.2o 

24.21 

O.U 

2  M.M 

2.U 

I.U 

ITO.U 

U.N 

O.U 

2  U.22 

2.M 

l.M 

IM.U 

M.M 

22.M 

O.U 

IM  NO.O  2K 

1  U.U 

2.M 

I.U 

lU.U 

U.20 

24.21 

O.U 

2  M.M 

2.U 

I.U 

120.U 

U.U 

U.N 

O.U 

2  U.29 

2.M 

l.M 

IM.U 

M.M 

22.M 

0.21 

STUM  M  MC1U 

u  iuirv 

•snu*. 

02* 

■OAONO 

2MM  1 

ACU 

IMNO.l  MO 

1  M.M 

u.n 

I.U 

2.U 

2  94.22 

U.M 

1.01 

I.U 

2  92.U 

U.U 

I.U 

I.U 

LM  N0.2  MO 

1  M.M 

u.29 

I.U 

2.U 

2  94.U 

U.M 

I.U 

I.U 

2  M.U 

U.U 

I.U 

I.U 

IM  U.2  2K 

1  M.M 

U.22 

I.U 

2.U 
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APPENDACE  mULE 


PRIKTEO  REPORT  NO.  1  -  SUPiMRY 


APKNOMCE  DISP.  LTON  22S.0 
SMEU  DXSP,  LTON  24.  S 
RUOOER  TYPE  IND  SPADE 
SKEC  DISP,  LTON  l.S 
NO  RUDDERS  2 
SKEC  AFT  LIMITAJP  0.S078 
AVC  RUOOER  CHORD.  FT  9.83 
SKEC  THK.  FT  1.00 
RUOOER  THK,  FT  1.10 
SKEC  PROJECTED  AREA,  FT2  S0.8 
RUOOER  SPAN.  FT  11.9S 
RUOOER  PROJECTED  AREA.  FT2  117.4 
RUOOER  DISP.  LTON  4.9 
BILCE  KEEL  DISP.  LTON  8.9 
8ILCE  KEEL  LCTH,  FT  13S.14 
SHAR  SUPPORT  DISP,  LTON  13.6 
SHAR  DISP,  LTON  4.7 
PROP  TYPE  INO  CP 
PROP  BLADE  DISP.  LTON  1.9 
NO  PROP  SHARS  2 
PROP  DU.  R  IS. 50 
SONAR  DISP,  LTON  16S.0 


PRINTED  REPORT  NO.  2  •  APPENDAGE  BUOYANCY  AND  NEIOfT 

- CENTER  OF  BUOYANCY - 


APPENOACE 

DISP,  LTON 

X,  R 

Y,  R 

Z,  R 

SHELL 

24.5 

200.85 

0.00 

8.58 

SKEC 

l.S 

299.09 

0.00 

0.72 

BILCE  KEELS* 

8.9 

195.00 

26.78 

7.38 

OPEN  STRUTS* 

13.6 

363.91 

11.63 

-0.54 

PROPULSION  SHARS* 

4.7 

335.70 

11.63 

0.74 

PROP  BLADES* 

1.9 

370.42 

11.63 

-1.59 

SONAR  DOME 

165.0 

14.00 

0.00 

-3.20 

RUOOERS* 

4.9 

383.09 

11.63 

5.43 

TOTAL,  LTON  225.0 

•  TRANSVERSE  C.B.  PER  SIDE  IS  SHOWN 

SWBS114.  SHLL  APNOC,  LTON  13.18  SWBSS65.  ROLL  RNS.  LTON  0.00 
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RESISTANCE  NODULE 


PRZMTED  REPOKT  NO.  1  -  SUNMIIY 


RESID  RESIST  IND 

TAYLOR 

BILGE  KEEL  IND 

PRESENT 

FRICTION  LINE  IND 

me 

SHAFT  SUPPORT  TYPE  IND  OPEN  STRUT 

ENOUR  DISP  IND 

AVG  DISP 

PRPLN  SYS  RESIST 

IND 

CALC 

ENDUR  CONFIG  IND 

NO  TS 

PROP  TYPE  IND 

CP 

SONAR  DRAG  IND 

HULL 

SO*MR  DOME  IND 

PRESENT 

SREG  IND 

PRESENT 

RUDDER  TYPE  IND 

SPADE 

FUU  LOAD  Wr,  LTON 

5721.7 

OORR  ALW 

0.00050 

AVG  ENOUR  DISP,  LTON 

5459.4 

DRAG  NARCIN  FAC 

0.110 

USABLE  FUEL  WT,  LTON 

996.2 

TRAILSHAFT  PWR  FAC 

1.15 

NO  FIN  PAIRS 

0. 

PRPLN  SYS  KSIST 

FRAC 

PROP  TIP  aEAR  RATIO 

0.25 

NAX  SPEED 

0.128 

NO  PROP  SHAFTS 

2. 

SUSTN  SPEED 

0.141 

PROP  DIA,  FT 

15.50 

ENDUR  SPEED 

0.190 

CONOmON  SPEED - 

— EFFECTIVE  HORSEPOWER.  HP-— 

DRAG 

XT  FRIC 

RESID 

APPDG  WIND  NAKilN 

TOTAL 

LBF 

MAX  26.49  7722. 

15441.* 

4293.  276.  3051. 

30783. 

378714. 

SUSTN  25.26  6726. 

11663. 

3691.  239.  2455. 

24773. 

319605. 

ENOUR  16.00  1749. 

2384.* 

1054.  62.  577. 

5827. 

118673. 

*  DENOTES  EXTRAPOUTEO  VALUE. 

PRINTEO  REPORT  NO.  2  -  SPEEO-POMER  NATRIX 

SPEED  AND  POWER  FOR  FULL  LOAD  DISP 


FULL  LOAD  VT,  LTON  S721.7 


SPEED 

■— EFFECn 

VE  HORS 

EPOWER, 

,  HP - 

DRAG 

XT 

FRIC 

RESID 

APPDG 

WIND 

NARGIN 

TOTAL 

LBF 

2.00 

4. 

6. 

4. 

0. 

2. 

16. 

2627. 

4.00 

32. 

45. 

28. 

1. 

12. 

117. 

9539. 

6.00 

104. 

152. 

80. 

3. 

37. 

376. 

20424. 

8.00 

239. 

360. 

172. 

8. 

86. 

863. 

35153. 

10.00 

456. 

702. 

310. 

IS. 

163. 

1646. 

53653. 

12.00 

774. 

1228. 

504. 

26. 

279. 

2811. 

76328. 

14.00 

1210. 

2186. 

774. 

41. 

463. 

4674. 

108801. 

16.00 

1784. 

2555. 

1066. 

61. 

601. 

6067. 

123559. 

18.00 

2512. 

3536. 

1453. 

86. 

835. 

8422. 

152467. 

20.00 

3412. 

4994. 

1933. 

119. 

1150. 

11607. 

189119. 

22.00 

4501. 

6706. 

2497. 

158. 

1525. 

15386. 

227901. 

24.00 

5797. 

8895. 

3161. 

205. 

1986. 

20044. 

272155. 

26.00 

7317. 

13797.* 

4043. 

261. 

2796. 

28214. 

353610. 

28.00 

9077. 

21196.* 

5132. 

325. 

3930. 

39661. 

461572. 

SPEED  AND  POWER  FOR  AVE  ENOUR  DISP 
AVE  ENDUR  DISP,  LTON  S4S9.4 


speed  - EFFEaiVE  HORSEPOWER,  HP -  DRAG 


XT 

FRIC 

RESID 

APPDG 

WIND 

IMRGIN 

TOTAL 

LBF 

2.00 

4. 

6.* 

4. 

0. 

2. 

16. 

2602. 

4.00 

31. 

45.* 

27. 

1. 

11. 

116. 

9444. 

6.00 

102. 

150.* 

80. 

3. 

37. 

372. 

20217. 

8.00 

234. 

357.* 

171. 

8. 

85. 

854. 

34793. 

10.00 

447. 

696.* 

309. 

IS. 

161. 

1629. 

53093. 

12.00 

759. 

1211.* 

503. 

26. 

275. 

2773. 

75307. 

14.00 

1187. 

2105.* 

768. 

41. 

451. 

4553. 

105966. 

16.00 

1749. 

2384.* 

1054. 

62. 

577. 

5827. 

118673. 

18.00 

2463. 

3285.* 

1437. 

88. 

800. 

8073. 

146158. 

20.00 

3346. 

4574.* 

1907. 

120. 

1094. 

11041. 

179891. 

22.00 

4414. 

6150.* 

2463. 

160. 

1451. 

14637. 

216811. 

24.00 

5685. 

8234.* 

3121. 

208. 

1897. 

19145. 

259951. 

26.00 

7175. 

12824.* 

3987. 

264. 

2667. 

26918. 

337367. 

28.00 

8901. 

19881.* 

5057. 

330. 

3759. 

37928. 

441409. 

•  DENOTES  EXTRAPOLATED  VALUE. 
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PUNTED  REPOU  NO.  3  -  SHIP  GEONETUC  DATA  FOR  RESISTANCE  COMPUTATIONS 


FULL  LOAD 

AVE  ENDUR 

BARE  NULL  OISP.  LTON 

5661.7 

5399.4 

APFEMMCE  DISP,  LTON 

60.0 

60.0 

TOTAL  OISP,  LTON 

5771.7 

5459.4 

LBP,  FT 

390.00 

390.00 

M.  LENGTH.  FT 

3B9.99 

389.74 

BEAM  AT  MAX  AREA  STA.  FT 

55.00 

55.09 

DRAFT  AT  MAX  AREA  STA,  FT 

14.99 

14.44 

NETTED  SURF  FOR  RESID  RESIST 
TAYLOR  WITH  SONAR  DOME  OISP.  FT2 

22803.2 

22323.3 

NETTED  SURF  FOR  FRIC  RESIST 

BARE  HULL-fS.O.  WETTED  SURF,  FT2 

24204.1 

23734.1 

SONAR  DOME  NETTED  SURF.  FT2 

1400.0 

1400.0 

SKEC  WETTED  SURF  AREA.  FT2 

101.7 

101.7 

WIND  FRONT  AREA,  FT2 

2037.9 

2067.8 

FROUOE  WETTED  SURF  COEf 

6.8458 

6.9268 

LENGTH-BEAM  RATIO 

7.0902 

7.0751 

BEAM-DRAFT  RATIO 

3.6701 

3.8141 

PRISMATIC  COEF 

0.6492 

0.6436 

MAX  SECTION  COEF 

0.9211 

0.9168 

DISP-LENCTH  RATIO 

95.4517 

91.2076 

LCB-LENCTH  RATIO 

0.4947 

0.4918 

HALF  ANC  ENTRANCE,  DEC 

11.39 

11.70 

HALF  ANC  RUN.  DEC 

8.96 

14.40 

TRANSOM  BUTTOCK  ANC,  DEG 

11.19 

11.19 

BOW  SEa  AREA  COEF 

0.0000 

0.0000 

TRANSOM  SECT  AREA  COEF 

0  0387 

0.0174 

TRANSOM  BREADTH  COEF 

0.5919 

0.4954 

TRANSOM  DEPTH  COEF 

0.0860 

0.0516 

PUNTED  REPOU  NO.  4  -  APPENDACZ  DATA 

SKEC  INO  PRESENT 
SKEC  AREA,  fT2  50. B 
SHAFT  SUPPORT  TYPE  INO  OPEN  STRUT 
NO  STRUTS  PER  SHAFT  1. 

MAIN 

INTMD 

STRUT  DIMENSIONS 

— 

STRUT  CHORD,  FT 

2.92 

STRUT  THICKNESS,  FT 

0.58 

BARREL  LENGTH,  FT 

12.40 

BARREL  OIA,  R 

4.72 

NO  PROP  SHAFTS 

2. 

WET  SHAFT  LCTH  (PORT), 

FT 

63.25 

WET  SHAFT  LCTH  (ST80), 

FT 

58.91 

INTRMDT  SHAFT  DIA,  FT 

1.37 

PKOP  TYPE  INO 

CP 

PROP  DIA,  FT 

15.50 

SONAR  DOtt  INO 

PRESENT 

SONAR  DRAG  IM) 

HULL 

SONAR  SECT  AREA,  FT2 

215.0 

SONAR  WETTED  SURF,  FT2 

1400.0 

SONAR  DISP,  LTON 

165.0 

SONAR  CB  AFT  FP,  ,A2 

ABV  BL,  ,A2 

14. 

SONAR  WETTED  SURF,  FT 

-3.2 

SONAR  DISP, 

RUDDER  AREA,  FT2 

117.4 

ROLL  FIN  AREA.  FT2 
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PROPELLER  RODULE 


PRINfrED  REPORT  NO.  1  -  SUPfMRY 


mor  TYTE  INO 

CP 

PROP  SERIES  DR) 

TR005T 

mx  SfCEO,  KT 

2C.49 

ENDUR  SPEED,  KT 

U.OO 

MM  CMP  (/SHAFO.  HP 

15)91. 

CMIUR  EHP  (/SHAFD,  HP 

2913. 

MM  SHP  C/SMAFn.  NP 

23$U. 

ENDUR  SHP  (/SHAFT),  HP 

4M1. 

MM  PROP  RFM 

ITC.e 

ENDUR  PROP  RPM 

U3.2 

MM  PROP  EFF 

O.M9 

ENDUR  PROP  EFF 

0.700 

SUSTN  SPEED,  KT 

2S.2C 

PROP  DIA, 

FT 

IS. SO 

SliSTN  E;#  C/SNAFn.  HP 

123t7. 

NO  BLADES 

S. 

SUSTN  SHP  (/SHAFT),  HP 

U770. 

PITCH  RATIO 

1.27 

SUSTN  PROP  RFM 

US. 7 

EXPAND  AREA  RATIO 

0.790 

SUSTN  PROP  EFF 

0.fi9S 

CAVITATION  NO 

1.66 

NO  PROP  SHAFTS 

2.0 

TOTAL  PROPELLER  NT.  LTQN  41.43 

PRINTED  REPORT  NO.  2  - 

PROPELLER  OMRACTERISTICS 

NO  PROP  SHAFTS 

2. 

PROP  DIA,  FT 

IS. SO 

NO  BLADES 

S. 

PITCH  RAHO 

1.27 

EXPAND  AREA  RATIO 

0.790 

THRUST  DEO  COEF 

O.OSS 

TAYLOR  MKE  FRAC 

0.020 

HULL  EFFiaCNCY 

0.9«4 

REL  ROTATE  EFF 

0.98S 

—  CONOmONS 

CHARACTERISTICS 

IMXIMUM 

SUSTAINED 

ENDURANCE 

SPEED,  KT 

26.49 

2S.26 

u.oo 

RPM 

176.6 

US.  7 

U3.2 

TMRUST/SHAFT,  LBF 

200360. 

U9US. 

62791. 

EMP/SHAFT,  HP 

1S391. 

12387. 

2913. 

TORQUE/SHAFT,  FT-L8F 

669U9. 

S86322. 

2US97. 

SHP/SHAFT,  HP 

23SU. 

U770. 

4m. 

ADVANCE  COEF  ()) 

0.961 

0.976 

0.992 

THRUST  COEF  (XT) 

0.201 

0.U3 

O.US 

TORQUE  COEF  (lOKQ) 

0.447 

0.432 

0,417 

OPEN  WATER  EFFY 

0.669 

0.69S 

0.700 

PC 

0.6SS 

0.660 

0.66S 

PRINTED  REPORT  NO 

.  3  -  CAVITATION  CHARACTERISTICS 

mx  SPEED  OF  ADV,  KT 

2S.96 

mx  THRUST,  LBF 

200360. 

MM  PROP  RPM 

176.6 

PROP  DIA,  FT 

U.SO 

HUB  DEPTH,  FT 

U.S6 

STD  CAV  NO 

1.66 

LOCAL  CAV  NO  (.7R) 

0.27 

MEAN  THRUST  LOADINC  COEF 

0.12 

EXPAND  MEA  RAHO 

0.790 

MIN  EAR  REQUIRED 

0.946 

BACK  CAV  ALLOWED,  PERCENT 

S.O 

PRINTED  REPORT  NO 

.  4  -  PROPELLER  ARRANGEMENT 

PROP  DIA,  FT 

U.SO 

FULL  LOAD  DRAFT,  FT 

14.99 

HUB  DEPTH  FROM  DHL.  FT 

U.S6 

LONG  LOC  FROM  AP,  FT 

U.S6 

HUB  POS  FROM  a,  FT 

U.63 

TIP  CU  FROM  BL,  FT 

-9.34 

TIP  CLR  FROM  MM  HB,  FT 

6.22 

TIP  CLR  PROM  NULL  BOT,  FT 

3.66 

TOTAL  PROPELLER  WT,  LTON 

41.43 
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MACHINERY  MODULE 


PRINTIO  REPORT  NO.  1  -  SUMMARY 


TRANS  TYPE  INO 

MECH 

MAX  SPEED.  KT 

26.49 

SHAFT  SUPPORT  TYPE  IND  OPEN  STRUT 

SUSTN  SPEED.  KT 

25.26 

NO  PROP  SHAFTS 

2. 

ENOUR  SPEED.  KT 

16.00 

MAX  MARC  ELECT  LOAD,  KW 

3361. 

ENDURANCE.  M( 

4950. 

AVC  24  HR  ELECT  LOAD,  KW 

1S09. 

USABLE  FUEL  WT. 

LTON 

996.2 

SWBS  200  GROUP  WT,  LTON 

S21.4 

SMBS  300  CROUP  WT.  LTON 

182.4 

NO  NO  ONLINE 

NO  ONLINE 

ARRANGEMENT  OR  SS  CEN 

TYPE 

INSTALLED  MAX-fSUSTN 

ENDURANCE 

MECH  PORT  ARR  IM> 

M2-LT0R  1 

1 

1 

MECH  STBD  ARR  IND 

M2-LTDR/F  1 

1 

1 

SEP  SS  CEN 

2500. 

KW  1 

0 

0 

VSCF  SS  CYao 

2000. 

KW  2 

2 

2 

MAIN  ENC 

SEC  ENC 

SS  ENC 

ENC  SELECT  INO 

GIVEN 

CALC 

ENC  MODEL  INO  RR/DOA-SPEY 

CE-LM500 

ENC  TYPE  INO 

CT 

CT 

ENC  SIZE  INO 

GIVEN 

CIVEN 

NO  INSTALLED 

4 

0 

1 

ENC  PWR  AVAIL.  HP 

13240. 

4500. 

ENC  RPM 

4800.0 

7000.0 

ENC  SFC.  LBM/HP-NR 

0.424 

.481 

ENC  LOAD  FRAC 

0.993 

.784 

PRINTED  REPORT  NO.  2 

-  MAOIINERY  EQUIPMENT  LIST 

NO 

WEIGHT  LENGTH 

WIDTH 

HEICHT 

EACH  ITEM 

LTON  FT 

FT 

FT 

PROPULSION  PLANT 


4 

MAIN  ENCINE  (BARE) 

2.5 

12.24 

4.80 

4.80 

4 

MAIN  ENCINE  ENaOSURE  MODULE 

6.7 

22.32 

8.30 

7.60 

2 

LTDR  GEAR  (01) 

42.1 

9.16 

14.99 

12.37 

2 

VSCF  CCMB/STEP-UP  GEAR  (04) 

.2 

.38 

6.81 

5.37 

2 

THRUST  BEARING 

5.7 

3.02 

4.22 

4.22 

2 

PROPELLER  SHAFT 

ELECTRIC  PLANT 

1 

SS  ENCINE  (BARE) 

.6 

7.20 

2.80 

2.80 

1 

SS  ENCINE  ENaOSURE  MODULE 

2.9 

16.39 

5.60 

6.63 

1 

SS  REDUCTION  GEAR  (17) 

1.2 

4.85 

2.45 

4.03 

1 

SEPARATE  SS  GENERATOR 

9.1 

8.59 

3.60 

5.10 

4 

VSCF  SS  GENERATOR 

2.4 

4.87 

2.00 

2.00 

2 

VSCF  SS  CYaOCONVERnrER 

7.1 
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nONTED  REPORT  NO.  3  -  ENGINES 


MAIN  ENG 

SEC  ENG 

SS  ENG 

ENG  SELECT  INO 

GIVEN 

CALC 

ENG  TYPE  IND 

GT 

GT 

ENG  MODEL  IND 

RR/DOA-SPEY 

GE-LM500 

ENG  SIZE  IND 

GIVEN 

GIVEN 

NO  INSTALLED 

4 

0 

1 

ENG  BARE  WT,  LTON 

2.S 

.6 

ENG  LENGTH,  FT 

12.24 

7.20 

ENG  WIDTH,  FT 

4.80 

2.80 

ENG  HEIGHT,  FT 

4.80 

2.80 

ENG  PWR  AVAIL,  HP 

13240. 

4500.0 

ENG  RPM 

4800.0 

7000.0 

ENG  MASS  FL,  LBM/SEC 

106.4 

31.3 

ENG  EXH  TEMP,  DEGF 

830.0 

1013.0 

ENG  SFC  EON  IND 

OTHER 

OTHER 

ENG  SFC,  LBM/HP-HR 

0.424 

.481 

MAX  SPEED  CONDITION 

NO  OPERATING 

4 

0 

0 

ENG  PWR,  HP 

131S3. 

.0 

ENG  RPM 

4800.0 

7000.0 

ENG  MASS  FL,  LBM/SEC 

106.1 

.0 

ENG  EXH  TEMP,  DEGF 

828. S 

ENG  SFC,  LBM/HP-HR 

.42S 

SUSTN  SPEED  CONDITION 

NO  OPERATING 

4 

0 

0 

ENG  PWR,  HP 

10736. 

.0 

ENG  RPM 

4503.4 

7000.0 

ENG  MASS  FL,  LBM/SEC 

98.2 

.0 

ENG  EXH  TEMP,  DEGF 

787.7 

ENG  SFC,  LBM/HP-HR 

.446 

ENDUR  SPEED  CONDITION 

NO  OPERATING 

2 

0 

0 

ENG  PWR,  HP 

6101. 

.0 

ENG  RPM 

2806.3 

7000.0 

ENG  MASS  FL,  LBM/SEC 

79.0 

.0 

ENG  EXH  TEMP,  DEGF 

714.8 

ENG  SFC,  LBM/HP-HR 

.540 

NOTE  -  ENGINE  OPERATING  OATA  ARE  BASED  ON  USE  OF  DFM  FUEL. 
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PRZNTEO  REPORT  NO.  4  -  GEARS 


NO 

WEIGHT 

LENGTH 

WIDTH 

HEIGHT 

EACH  ITEM 

LTON 

FT 

FT 

R 

2-STACE  REDUaiON  GEARS 

2  LTDR  GEAR  (01) 

42.1 

9.16 

14.99 

12.37 

2  VSCF  COMB/STEP-UP  GEAR  (04) 

.2 

.38 

6.81 

5.37 

1  SS  REDUaiON  GEAR  (17) 

1.2 

4.8S 

2.45 

4.03 

REDUCTION  GEAR  DESIGN  FAaORS 

1ST 

2ND 

AND  OIMENSIDNS 

STAGE 

STAGE 

SS 

REOUCnON  RATIO 

3.24 

8.40 

3.89 

K  FACTOR 

100.0 

120.0 

175.0 

FACE  WIDTH  RATIO 

1.000 

2.000 

2.300 

CASING  WT  FACTOR 

.750 

.750 

3.000 

GEAR  FACE  WIDTH,  FT 

1.16 

2.43 

1.12 

PINION  GEAR  DIA,  FT 

1.16 

1.22 

.49 

REDUCTION  GEAR  DIA,  FT 

3.76 

10.22 

1.89 

PRINTED  REPORT  NO.  S  -  ELECTRIC  PROPULSION  AND  VSCF  EQUIPNENT 

MOTORS  AND  GENERATORS 


PRPLN  PRPLN  VSCF 

GENERATOR  MOTOR  GENERATOR 


INSTALLED  NUMBER 
TYPE 

FREQUENCY  CONTROL 
DRIVE 

ROTOR  COOLING 

ROTOR  TIP  SPEED,  FT/MIN 

STATOR  COOLING 

ARM  ELEa  LOAD,  AMP/IN 

POWER  RATING,  MW 

ROTATIONAL  SPEED,  RPM 

NUMBER  OF  POLES 

LENGTH,  FT 

WIDTH,  FT 

HEIGHT,  FT 

WEIGHT,  LTON 


0  0  4 

AC 

GEARED 

LIQUID 

24SOO. 

LIQUID 

2000. 

2.00 

76S0. 

12. 

4.9 

2.0 

2.0 

2.4 


OTHER  ELECTRIC  PROPULSION  AM)  VSCF  EQUIPMENT 


WEIGHT 

LTON 

VSCF  CYaOCONVERTERS  14.2 
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SNXP  SERVICX  OENERATORS 


PRINTED  REPORT  NO.  6  - 

ELEa  LQM)  OES  MARGIN  FAC  0.100 


ELEa  LOAD  SL  NARaN  FAC  0.200 
ELEa  LOAD  IMBAL  FAC  0.900 
MAX  MARC  ELEa  LOAD.  KW  3360.9 
MAX  STANDBY  LOAD.  KW  1993.7 


24  HR  AVC  ELEa  LOAD.  KW  1S09.1 


VSCF  SS  CYaOGO»MERTERS 


NO 

NO 

REQ 

AVAIL 

LOADING 

CONDITION 

INSTALL 

ONLINE 

Kw/cvao 

Kw/cvao 

FRAC 

WINTER  BATTLE 

2 

2 

1479. 

2000. 

0.740 

WINTER  CRUISE 

2 

2 

1690. 

2000. 

0.940 

SUMCR  CRUISE 

2 

2 

1272. 

2000. 

0.636 

EN0URANCC(24  HR  AVC) 

2 

2 

7SS. 

2000. 

0.377 

SEPARATE  SS  GENERATORS 

NO 

NO 

REQ 

AVAIL 

LOADING 

COM)niON 

INSTALL 

ONLINE 

KW/GEN 

KW/CEN 

FRAC 

WINTER  BATTLE 

1 

0 

2S00. 

0.000 

WINTER  CRUISE 

1 

0 

2S00. 

0.000 

SUN4ER  CRUISE 

1 

0 

2500. 

0.000 

ENDURANCE(24  HR  AVC) 

1 

0 

• 

2500. 

0.000 

TOTALS 

REQ 

AVAIL 

LOADING 

CONDITION 

KW 

KW 

FRAC 

WINTER  BATTLE 

29S9. 

4000. 

0.740 

WINTER  CRUISE 

3361. 

4000. 

0.940 

SUMNER  CRUISE 

2S45. 

4000. 

0.636 

EN0URANCE(24  HR  AVC) 

1S09. 

4000. 

0.377 

PUNTED  REPOU  NO.  7  -  INTAKE  DUCTS 

INLET  TYPE  IMKPLENUN 
DUa  SILENONC  XNO-MTH 
CT  ENC  ENa  INO-90  OBA 


MAIN  ENC  SEC  ENC  SS  ENC 


ENC  TYPE 

INLET  DUa  XSEa  AREA.FT2 
INLET  DUa  XSEa  LTN.  FT 
INLET  DUa  XSEa  MID.  FT 

a 

78.2 

9.42 

B.30 

MNRl 

MATftl  1 

.0 

.0 

.0 

cur 

a 

20.9 

6.5 

3.2 

MT.LTON  vcc.a 

Wr.LTDN 

vcc.a 

INLET 

0.7 

51.6S 

INLET  OUCHNC 

1.4 

39.0S 

INLET  SILENCER 

2.0 

43.01 

a  COOLING  SUPPLY 

1.4 

32.09 

a  BLEED  AIR  SUPPLY 

3.1 

27.97 

MNR2 

—MAIN  ENC - 

- SEC  ENC - 

MT.LTON 

vcc.a 

MT.LTON  vcc.a 

INLa 

0.7 

32.39 

INLa  DUCTING 

0.7 

27.52 

INLa  SILENCER 

2.0 

40.09 

a  COOLING  SUPPLY 

0.7 

23.12 

a  BLEED  AIR  SUPPLY 

3.1 

20.BO 

NOTE  -  NUNERIC  DATA  PRESENTED  ABOVE  ARC  ON  A  PER  ENGINE  BASIS. 
TRUNK  AREA  AND  VOLUME  REQUIREMENTS 


ENGINE  CATEGORY 

- AREA.FT2 - 

HULL  DKHS 

— VOLUME.  a3 - 

HULL  DKHS 

MAIN  ENGINES 

383.6 

383.6 

3836. 

3292. 

SECONDARY  ENGINES 

0.0 

0.0 

0. 

0. 

SNIP-SERVICE  ENGINES 

60.2 

0.0 

550. 

0. 

TOTALS 

443.8 

383.6 

4386. 

3292. 
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nmfTEO  HEPORT  NO.  t  -  EXHAUST  DUCTS 

EXHAUST  XR  SUPfKSS  IND-PRESENT 
OUa  SXUNONC  XND-BOTH 
a  ENC  EUa  IND-M  DBA 


EXHAUST  STAa  TEMP,  DECF 

3S0.0 

EDUCTOR  DESIGN  FAC 

1.000 

MAIN  ENC  SEC  ENC 

SS  ENC 

ENC  TYPE 

a 

CT 

ENC  E)Q<  TEMP.  DEC 

B29. 

9S9. 

ENC  MSS  FL.  IJM/SEC 

106.1 

28.  S 

EXH  DUa  CAS  TEMP.  DEC 

743. 

8S7. 

EXH  DUCT  CAS  DEN.  LBN/FT3 

0.032S 

.0297 

EXH  DUa  NASS  a.  LBM/SEC 

121.3 

32. S 

EXH  DUa  AKA.  FT2 

34.7 

10.2 

MMRl 


- MAIN  ENC- . SEC  ENC- 


Wr.LTON 

VCC.FT  Vr.LTON  VCC.FT 

EXH  DUa  (TO  BOILER/REC) 

EXH  BOILER  (RAaR) 

EXH  REGENERATOR 

38.  S6 

EXH  DUa  (TO  STAa) 

S.6 

EXH  SILENaR 

6.3 

48.19 

EXH  STAa 

1.9 

61. 9S 

EXH  SPRAY  RING 

.9 

43.31 

EXH  EDUaOR 

S.4 

62.83 

MMR2 

AAAT&i  rRir  . 

WT.LTON  VCC.FT 

WT.LTON  VCC.FT 

EXH  DUCT  CTO  BOXLER/REC) 
EXH  BOIUR  (RACER) 

EXH  REGENERATOR 
EXH  OOa  (TO  STAa) 

EXH  SILENCER 
EXH  STAa 
EXH  SPRAY  RING 
EXH  EDUCTOR 


2.7 

28.09 

6.3 

4S.27 

1.9 

42.69 

.9 

29.44 

S.4 

43.  S7 

note  -  NUMERIC  DATA  PRESENTED  ABOVE  ARE  ON  A  PER  ENGINE  BASIS. 


TRUNK  AREA  AND  VOLUME  REQUIREMENTS 


■  — • 

- AREA.FT2 - 

— VOLUME. FT3 - 

ENGINE  aTEGORY 

HULL 

DKHS 

HULL 

DKHS 

MIN  ENGINES 

492.4 

492.4 

4924. 

4226. 

SECONDARY  ENGINES 

0.0 

0.0 

0. 

0. 

SHIP-SERVia  ENGINES 

116.0 

0.0 

1061. 

0. 

TOTALS 

608.5 

492.4 

S985. 

4226. 
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PMPELLERS  AND  SHAFfS 


PmNTED  KfOKT  NO.  9  - 


PROP  TYPE  IND-CP 

PROP  DXA.  FT  IS. SO 

NUB  OIA,  FT  4.72 

PROP  BLADE  Wr,  LTON  7.6 

PROP  HUB  wr.  LTON  13.2 

BEND  STRESS  ODN  FAC  1.700 

OVmC  PROP  NON  ANN  RATIO  0.340 

EQUXV  FP  PROP  wr.  LTON  16.  S 

ALLOW  BEND  STRESS,  LBF/XN2  6000. 
FATIGUE  LIMIT.  LBF/IN2  47S00. 

YIELD  POINT.  LBF/IN2  7S000. 

TORQUE  MARGIN  FAC  1.200 

OFF-CENTER  THRUST  FAC  2.000 

NO  STRUTS  PER  SHAR  1 


PORT  SHAFT 


PROP 

XNTERNEO 

LINE 

SECmM 

SECnON 

SECnON 

ANCLE.  DEC 

3. SB 

3.  SB 

3.  SB 

LENGTH.  FT 

13.18 

B2.01 

127.21 

DIAMETER.  FT 

2.41 

1.37 

I.IB 

BORE  RATIO 

.SSO 

.667 

.667 

WEIGHT,  LTON 

12.3 

19.  B 

19.2 

LCC,  FT 

361.07 

313. S7 

209.16 

TCC.  FT 

-11.63 

-11.63 

-11.63 

VCC,  FT 

-1.00 

1.97 

B.Sl 

FACTOR  OF  SAFETY 

2.00 

1.7S 

STBO  SHAFT 


PROP 

INTERNED 

LINE 

SEQION 

SECTION 

SECnON 

ANaC,  DEC 

4.21 

4.21 

4.21 

LENGTH.  FT 

13.18 

99.26 

67.  IS 

DIAMETER.  FT 

2.41 

1.37 

I.IB 

BORE  RATIO 

.SSO 

.667 

.667 

WEIGHT,  LTON 

12.3 

24.0 

10.1 

LCC,  FT 

361.07 

30S.01 

222.02 

TCC,  FT 

11.63 

11.63 

11.63 

VCC,  FT 

-.90 

3.23 

9.33 

FAaOR  OF  SAFETY 

2.00 

1.7S 
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nmfrcD  HErarr  mo.  lo  -  stmjts.  poos,  and  rudoers 


PROP  OXA,  FT 

15.50 

NO  STRUTS  PER  SHAFT 

1 

NO  SHAFTS 

2 

(MRHC  PROP  MOM  ARM  RATIO 

0.340 

STRUTS 

MAIN  INTEIMED 
STRUT  STRUT 


MALL  THICKNESS.  FT 

.22 

CNORO.  FT 

2.92 

THICKNESS.  FT 

.58 

BARREL  LTH.  FT 

12.40 

BARREL  DU,  FT 

4.72 

RUDDERS 

RUDDER  TYPE  IND-SPADE 

RUDDER  SIZE  IND-GIVEN 

RUDDER  WT  (PER).  LTON 

17.0 

RUDDER  DISP  (PER).  LTON 

2.5 

CHORO.FT  THICK. FT  SPAN.FT 


SPADE  RUDDER  9.83  1.10  11.95 

1 
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MZPfTED  REPORT  NO.  11  >  EUECTRIC  liMOS 


WINTER 

MiNrER 

sumER 

CRUISE 

BATTLE 

CMIISE 

PAYLOAD  L-^kOS 

KM 

KM 

KM 

ODMNAND  AND  SURVEILLANCE  (60  HZ) 

401.3 

523.9 

401.3 

COMMAND  AND  SURVEILLANCE  (400  HZ) 

0.0 

0.0 

0.0 

AUtMEKT  (60  HZ) 

73.S 

148.4 

73.5 

ARMMCNT  (400  HZ) 

0.0 

0.0 

0.0 

OTHER  PAYLOAD  (60  HZ) 

0.0 

0.0 

0.0 

OTHER  PAYLOAD  (400  HZ) 

0.0 

0.0 

0.0 

SUR-TOTAL 

474.1 

672.3 

474.8 

NON-PAYLOAD  LOADS  (*  INDICATES  USER  ADIUSTEO  VALUE) 

PROPULSION  AND  STEERINC 

2S8.9 

300.3 

168.3 

LiorriNC 

136.1 

134.0 

136.8 

NISaLLANEOUS  ELECTRIC 

46.1 

40.1 

46.1 

HEATING 

717.9 

366.1 

35.9 

VENnUTlON 

292.6 

225.4 

292.8 

AIR  CONOmONINC 

213.2 

266.2 

422.6 

AUXILIARY  BOILER  AND  FRESH  MATER 

180.  S 

133.6 

180.5 

FIREMAIN 

66.6 

93.9 

66.6 

UNREP  AND  HANDLING 

12.0 

2.9 

12.0 

NISC  AUXILIARY  MACHINERY 

32.  S* 

34.0* 

52.5* 

SERVICES  AND  WORK  SPACES 

67.2 

22.2 

67.2 

SU8T0TAL 

2114.4 

1618.7 

1481.2 

TOTAL 

2589.2 

2291.0 

1956.0 

TOTAL  (INaUDING  MARGINS) 

3360.8 

2958.0 

2544.9 

MAX  MARC  ELCa  LOAD 

3360.8 

24  HR  AVC  ELEa  LOAD 

1509.1 

CONNEaED  ELEa  LOAD 

6861.5 

ANCHOR  asa  LOAD 

1993.7 

VITAL  ELEa  LOAD 

1423.5 

EMERGENCY  ELEa  LOAD 

959.8 

MAX  STBY  ELEa  LOAD 

1993.7 

PRINTED  REPORT  NO.  12  -  POWERING 

100  per  POWER  TRANS  EFF  0.97S1* 

2S  pa  POWER  TRANS  EFF  0.9643* 

•  VALUES  00  NOT  INaUOE  CP  PROP  TRANSMISSION  EFFIOENa  MULTIPLIER 


MAX 

SUSTN 

ENDUR 

SPEED 

SPEED 

SPEED 

SHIP  SPEED.  KT 

26.49 

25.26 

16.00 

PROP  RPM 

176.6 

165.7 

103.2 

NO  OP  PROP  SHAFTS 

2 

2 

2 

EHP  (/SHAFT).  HP 

15391. 

12387. 

2913. 

PROPULSIVE  COEF 

0.655 

0.660 

0.665 

ENDUR  PWR  ALM 

1.0 

1.0 

1.1 

SHP  (/SHAFT).  HP 

23516. 

18769. 

4819. 

TRANS  EFFY 

0.978 

0.976 

0.964 

CP  PROP  TRANS  EFFY  MULT 

0.997 

0.997 

0.997 

PROPUL  PMR  (/SHAFT).  HP 

24114. 

19292. 

5013. 

PD  GEN  PMR  (/SHAFD.  HP 

2192. 

2181. 

1088. 

BNP  (/SHAFT).  m> 

26306. 

21472. 

6101. 
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MIXirTED  iEPORT  NO.  13 


HULL  SmiCTlIIIE  AND  NISCELLANEOUS  HEZOfT 


SMS  OONPONEUrr 


160  SPECIAL  STAUCTURES 

161  CASTINGS,  FONCINCS,  AND  MEUMENTS 

162  STACKS  AND  NASTS 
180  FOUNDATIONS 

182  PNOPULSION  PLANT  FOUNDATIONS 

183  ELECTRIC  PLANT  FOUNDAHONS 

•  DENOTES  INaUSlON  Of  PAYLOAD  OR  A03USTMENTS 

PRINfEO  REPORT  NO.  14  -  PROPULSION  PLANT  HEIGHT 


SMS 

COMPONENT 

NT.LTON 

LCC.FT  VCC.FT 

200  PROPULSION  PLANT 

$21.4 

214.40 

15.43 

210  ENERGY  GENERATING  SYSTEM  (NUaEAR) 

0.0 

0.00 

0.00 

220  ENERGY  GENERATING  SYSTEM  (NON-NUaEAR) 

0.0 

0.00 

0.00 

230  PROPULSION  UNHS 

68.6 

162.83 

16.79 

233 

PROPULSION  INTERNAL  COMBUSTION  ENGINES 

0.0 

0.00 

0.00 

234 

PROPULSION  CAS  TURBINES 

68.6 

162.83 

16.79 

23$ 

ELECTRIC  PROPULSION 

0.0 

0.00 

0.00 

240  TRANSMISSION  AND  PROPULSOR  SYSTEMS 

264.3 

255.39 

6.38 

241 

PROPULSION  REDUaiON  GEARS 

84.$ 

162.60 

13.30 

242 

PROPULSION  aUTCHES  AND  COUPLINGS 

0.0 

0.00 

0.00 

243 

PROPULSION  SHAFTING 

97.6 

293.46 

3.59 

244 

PROPULSION  SHAFT  BEARINGS 

29.8 

256.47 

6.09 

24$ 

PROPULSORS 

$2.4 

333.58 

0.58 

2$0  PRPLN  SUPPORT  SYS  (EXCEPT  FUEL^LUBE  OIL) 

116.8 

164.7$ 

37.87 

2S1 

COMBUSnOP  AIR  SYSTEM 

31.2 

159.41 

32.26 

2S2 

PROPULSION  CONTROL  SYSTEM 

12.9 

162.83 

23.72 

2$6 

aRCULATING  AND  COOLING  SEA  HATER  SYSTEM  $.8 

24$. 70 

13.14 

259 

UPTAKES  (INNER  CASING) 

66.8 

160. $9 

45.37 

260  PRPLN  SUPPORT  SYS  (FUEL-i-LUBE  OIL) 

36.1 

156.91 

12.53 

261 

FUEL  SERVICE  SYSTEM 

9.4 

143.33 

10.79 

262 

miH  PROPULSION  LUBE  OIL  SYSTEM 

19.0 

162.83 

12.00 

264 

LUBE  OIL  FILL.  TRANSFER.  AND  PURIF 

7.6 

158.83 

16.00 

290  SPECIAL  PURPOSE  SYSTEMS 

35.7 

230. $$ 

9.35 

298 

OPERATING  FLUIDS 

30.4 

234.00 

8.00 

299 

REPAIR  PARTS  AND  SPECIAL  TOOLS 

$.3 

210.60 

17.16 

•  DENOTES  INaUSION  OF  PAYLOAD  OR  ADIUSTMENTS 


Wr.LTON  LCC.FT  VCC.FT 


$5.7  279.73  7.26 

7.6  163.10  $2.32 

91.2  169.67  9.16 

32.6  198.72  20.34 
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PRINTED  REPORT  NO.  IS  -  ELECTRIC  PLANT  NEIGHT 


SMS 

COMPONENT 

WT.LTON 

LCC.FT  Va.FT 

300  ELECTRIC  PLANT 

1B2.4 

208.17 

24.73 

310  ELECTRIC  POWER  GENERATION 

59.8 

199.43 

18.08 

311 

SNIP  SCRVia  POWER  GENERATION 

S9.8 

199.43 

18.08 

313 

BATTERIES  AND  SERVICE  FACILITIES 

0.0 

0.00 

0.00 

314 

POWER  CONVERSION  EQUIPMENT 

0.0 

0.00 

0.00 

320  1 

POWER  DISTRIBUTION  SYSTEMS 

89.7 

208.91 

27.58 

321 

SHIP  SERVICE  POWER  CABLE 

64.3 

206.70 

27.00 

324 

SWnCHGEAR  AND  PANELS 

25.4 

214.50 

29.03 

330  1 

LIGHTING  SYSTEM 

22.4 

205.08 

33.15 

331 

LIGHTING  DISTRIBUnON 

13.1 

206.70 

32.85 

332 

LIGHTING  FIXTURES 

9.3 

202.80 

33.58 

340  POWER  GENERATION  SUPPORT  SYSTEMS 

6.3 

245.86 

20.53 

342 

DIESEL  SUPPORT  SYSTEMS 

0.0 

0.00 

0.00 

343 

TURBINE  SUPPORT  SYSTEMS 

6.3 

245.86 

20.53 

390  : 

SPECIAL  PURPOSE  SYSTEMS 

4.2 

277.05 

20.17 

398 

OPERATING  auIOS 

1.2 

199.43 

18.08 

399 

REPAIR  PARTS  AND  SPECIAL  TOOLS 

3.0 

308.10 

21.00 

*  DENOTES  INaUSION  OF  PAYLOAD  OR  ADJUSTMENTS 


PRINTED  REPORT  NO.  16  -  MACHINERY  ROOMS 


NO  MAIN  MACHINERY  ROOMS  2 

NO  AUX  MACHINERY  ROOMS  1 


NO  OTHER  MACHINERY  ROOMS 

0 

BULKHEAD  LOCATIONS 

MR  MR 

_ 

-FWD  BHD— 

-AFT  BHD - 

NO  ID 

BHD  NO 

X.  FT  X/LBP  BHD  NO 

X, 

FT  X/LBP 

1  MMRl 

5. 

112.55 

0.289 

6. 

148.33  0.380 

2  MMR2 

7. 

177.58 

0.455 

8. 

213.15  0.547 

3  MRl 

9. 

242.40 

0.622 

10. 

282 

.88  0.725 

DIMENSIONS 

MR  MR 

—LENGTH,  FT - 

- WIDTH, 

FT— 

— HEIGHT,  FT - 

NO  ID 

AVAIL 

REQ 

AVAIL 

REQ 

AVAIL  REQ 

1  ma 

35.78 

35.78 

52.20 

43. 

10 

28.95  23.49 

2  MMR2 

35.57 

35.57 

55.15 

43.10 

26.88  22.83 

3  AMRl 

40.48 

40.48 

54.88 

6.35 

17.50  17.50 
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MtlNTED  REPOiT  NO.  17  -  PMOONEIIY  AMtANGEMENTS 

OEAMNCES  OMCHINEItY  TO  tMCHlNERY) 


ENG  TO  ENG  aR.  R  2. SO 

ENG  TO  GEAR  aR.  R  1.00 

OR  ENG  TO  GEN  OR 
OR  GEAR  TO  GEN  aR 
NTR  TO  GEAR  OR.  R  2. SO 

PRPLN  ARR  TO  SS  ARR  aR.  R  6.00 
AISLE  MOTH  aR.  R  2. SO 

PORT/a  TB  TO  GEAR  aR.  R  -3.02 
STBO  TB  TO  GEAR  aR.  R  -3.02 

SEPARATIONS  (BEINEEN  HULL  AND  NACHINERY) 


LONG  (TO  BHO).  R  0.7S 
TRANS  CTO  SIDE  SHELL).  R  0.7S 
VERT  (TO  HULL  BOT).  R  0.7S 
RADIAL  (TO  POO).  R  0.7S 

ARRANGEMENTS 


NO  NO  ONLINE  NO  ONLINE 
ARRANGEMENT  TYPE  INSTALLED  MAX4-SUSTN  ENDURAMX 


MECH  PORT  ARR  INO 
MECH  STBD  ARR  INO 
SHIP  SERVICE  ARR 


M2-LTDR  1  1 

M2-LT0R/F  1  1 

CT  1  0 


1 

1 

0 


MACHINERY  COMPONENT  LOCATIONS 


CG  LOC.  R 


COMPONENT 

NR  ID 

X 

Y 

Z 

MAIN  ENG 

MMRl 

124.68 

-17.02 

18.2S 

MAIN  ENG 

MMRl 

124.68 

-6.22 

18.2S 

MAIN  ENG 

MMR2 

200.99 

17.02 

IS. 33 

MAIN  ENG 

MNR2 

200.99 

6.22 

IS.  33 

SS  ENG 

AMRl 

2S4.86 

0.00 

14.60 

SHARING 

- END  POINT  LOC. 

FT - 

SHAR  TYPE 

X 

Y 

Z 

SHAR  ANaE.  DEC 

PORT  SHAR 

14S.68 

-11.63 

12.49 

3.S8 

STBO  SHAR 

188. S4 

11.63 

11.80 

4.21 
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PRINTED  REPORT  NO.  It  -  MOIINERY  SPACE  REQUZRENENTS 

MACHINERY  ROOM  VOLUME  REQUIREMENTS 


VOLUME  CATEGORY 


VOLUME,  m 


SUBS  CROUP  200  110148. 

PROPULSION  POUER  GENERATION  41391. 

PROPULSION  ENGINES  30487. 

PROPULSION  REDUaiON  GEARS  AND  GENERATORS  1090S. 

DRIVELINE  MACHINERY  0. 

REOUCnON  AND  BEVEL  GEARS  WITH  Z-DRIVE  0. 

ELECTRIC  PROPULSION  MOTORS  AND  GEARS  0. 

REMOTELY-LOaTED  THRUST  BEARINGS  0. 

PROPELLER  SHAFT  998S. 

ELECTRIC  PROPULSION  MISaLLANEOUS  EQUIPMENT  0. 

CONTROLS  0. 

BRAKING  RESISTORS  0. 

MOTOR  AND  GENERATOR  EXCITERS  0. 

SWnCHGEAR  0. 

POWER  COWERTERS  0. 

DEIONIZED  COOLING  WATER  SYSTEMS  0. 

RECTIFIERS  0. 

HELIUM  REFRIGERATION  SYSTEMS  0. 

PROPULSION  AUXILIARIES  58771. 

PROPULSION  LOCAL  CONTROL  CONSOLES  3387. 

CP  PROP  HYDRAULIC  OIL  POUER  MODULES  2967. 

FUEL  OIL  PUMPS  31237. 

LUBE  OIL  PUMPS  3500. 

LUBE  OIL  PURIFIERS  14363. 

ENGINE  LUBE  OIL  CONOmONERS  1127. 

SEAWATER  COOLING  PUMPS  2190. 


SUBS  CROUP  300 

ELECTRIC  PLANT  POWER  GENERATION 
ELECTRIC  PLANT  ENGINES 
ELECTRIC  PLANT  GENERATORS  AND  GEARS 
SHIP  SERVICE  SWnCHBOAROS 
CYaOCONVERTERS 


24878. 

5037. 

3342. 

1695. 

18649. 

1191. 


SUBS  CROUP  500 
AUXILIARY  MACHINERY 
AIR  CONOmONING  PLANTS 
AUXILIARY  BOILERS 
FIRE  POW»S 
DISTILLING  PLANTS 
AIR  COMPRESSORS 
ROLL  FIN  PAIRS 
SEWAGE  PLANTS 


34871. 

34871. 

7316. 

5066. 

3822. 

11984. 

4959. 

0. 

1724. 


ARRANGEABIE  AREA  REQUIREMENTS 


CROUP  NAME 


HULL/OKHS  DKHS  ONLY 


3.4X  AUXILIARY  MACHINERY  DELTA  5167.6 

3.511  SHIP  SERVICE  POWER  GENERATION  0.0 

4.132  INTERNAL  COMB  ENG  COMB  AIR  0.0 

4.133  INTERNAL  COMB  ENG  EXHAUST  0.0 

4.142  GAS  TURBINE  ENG  COMB  AIR  443.8 

4.143  CAS  TURBINE  ENG  EXHAUST  608.5 


NOTE:  •  DENOTES  INaUSION  OF  PAYLOAD  OR  ADJUSTMENTS 
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PRINTEO  REPORT  NO.  19  -  SURFAa  SHIP  ENDURANCE  CALCULATION  PORN 


DESIGN  NODE  INO-ENDURANCE 

ENOUR  DISP  IND-AVC  OISP 

ENOUR  OEF  INO-USN 

SHIP  FUEL  TYPE  INO-3P-5 

SHIP  FUEL  LHV.  BTU/LBM  18300. 

DFM  FUEL  LHV,  BTU/LiM  18360. 

(1}  ENDURANCE  REQUIRED,  NM 

(2)  ENDURANCE  SPEED,  KT 

(3)  FULL  LOAD  DISPLACEMENT,  LTON 

(3A)  AVERAGE  ENDURANCE  DISPLACEKNT,  LTON 

(4)  RATED  FULL  POWER  SHP,  HP 

(5)  DESIGN  ENDURANCE  POWER  SHP  •  (2)«(3A),  HP 

(6)  AVERAGE  ENDURANCE  POWER  (SHP),  HP 

(5)  X  1.10 

(7)  RATIO,  AVG  EM)  SHP/RATED  F.P.  SHP 
C6)/(4) 

(8)  AVERAGE  ENDURANCE  BHP,  HP 
(8A)+(8B) 

(8A)  AVERAGE  PRPLN  ENDURANCE  BHP,  HP 

(6) /TRANSMISSI0N  EFFICIENCY 

(8B)  SHIP  SERV  PWR  SUPPLIED  BY  PRPLN  ENG,  HP 

(9)  24  HOUR  AVERAGE  ELECTRIC  LOAD,  KW 
C9A)  24  HOUR  AVERAGE  ELECTRIC  LOAD  PORTION 

SUPPLIED  BY  SS  ENG,  KW 

(10)  CALCUUTED  PROPULSION  FUEL  RATE  8(8),  LBM/HP-HR 

(11)  CALC  PRPLN  FUEL  CONSUMPTION,  LBM/HR 

(10) X(8) 

(12)  CALC  SS  GEN  FUEL  RATE  •  (9A) ,  LBM/KW-HR 

(13)  CALC  SS  GEN  FUEL  CONSUMPTION,  LBM/HR 
(12)X(9A) 

(14)  CALC  FUEL  CONSUMPTION  FOR  OTHER  SERVICES,  LBM/HR 

(15)  TOTAL  CALC  ALL-PURPOSE  FUEL  CONSUMPTION,  LBM/HR 

(11) +(13)+14) 

(16)  CALC  ALL-PURPOSE  FUEL  RATE,  LBM/HP-HR 

(15) /(6) 

(17)  FUEL  RATE  CORREaiON  FAQOR  BASED  ON  (7) 

(18)  SPECIFIED  FUEL  RATE.  LBM/HP-HR 

(16) X(17) 

(19)  AVG  EM)URANCE  FUEL  RATE,  LBM/HP-HR 
(18)X1.05 

(20)  ENDURANCE  FUEL  (BURNABLE),  LTON 
(1)X(6)X(19)/(2)X2240 

(21)  TAILPIPE  ALLOWANCE  FACTOR 

(22)  ENDURANCE  FUEL  LOAD.  LTON 
(20)/(21) 


PRINTEO  REPORT  NO.  20  -  MACHINERY  NARONS 


PROPULSION  PLANT 


MAIN  ENG  MAX  LOAD  FRAC  0.993 

TORQUE  MARGIN  FAC  1.200 

ELECTRIC  PLANT 


SS  ENG  MAX  LOAD  FRAC 
ELEa  LOAD  DES  MARGIN  FAC 
ELECT  LOAD  SL  MARGIN  FAC 
ELEa  LOAD  DUAL  FAC 
MACHINERY  MODULE 


0.784 

0.100 

0.200 

0.900 

*15.700  CPU  SECOM)S. 


6000. 

16.00 

5721.7 

5459.4 

47032. 

8763. 

9639. 

0.20494 

12202. 

10026. 

2176. 

1509. 

0. 

0.540 

6583.6 

0.000 

0.0 

0.0 

6583.6 

0.683 

1.0400 

0.710 

0.746 

996.2  • 

0.95 

1048.6 
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MEICPfr  MODULE 

PRINTED  REPORT  NO.  1  -  SUNNARY 


WEIGHT 

LOG 

VCC 

RESULTANT  ADI 

SMS 

CROUP 

LTON 

PER  CENT 

FT 

FT 

WT-LTON 

VCC-FT 

100 

HULL  STRUCTURE 

1809.4 

31.6 

168.02 

19.46 

54.2 

.39 

200 

PROP  PLANT 

S21.4 

9.1 

214.40 

15.43 

300 

ELECT  PLANT 

182.4 

3.2 

208.17 

24.73 

400 

COMM  SURVEIL 

3S4.8 

6.2 

148.20 

24.01 

145.6 

1.13 

SOO 

AUX  SYSTEMS 

S20.6 

9.1 

214.50 

23.50 

19.0 

.10 

600 

OUTFIT  *  FURN 

299.4 

5.2 

195.00 

24.01 

700 

ARMAMENT 

10S.6 

1.8 

175.50 

34.65 

103.7 

.63 

mi 

D«-B  WT  MARGIN 

474.2 

8.3 

183.19 

20.92 

D»B  KC  MARGIN 

♦ 

2.61 

L 

ICNTSHIP 

4267.8 

74.6 

183.19 

23.53 

322.4 

2.25 

FOO 

FULL  LOADS 

1453.9 

25.4 

252.69 

8.03 

127.3 

.61 

FIO 

CREW  ♦  EFFECTS 

22.4 

183.30 

27.86 

F20 

MISS  REL  EXPEN 

100.3 

171.60 

32.32 

F30 

SHIPS  STORES 

27.4 

210.60 

20.90 

F40 

FUELS  >  LUBRIC 

1275.4 

262.81 

5.56 

F50 

FRESH  WATER 

28.5 

5.25 

F60 

CARGO 

K24 

FUTURE  GROWTH 

FULL  LOAD  WT 

5721.8 

100.0 

200.85 

19.59 

449.7 

2.87 
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PfONTED  REPORT  NO.  2  •  HUU  STRUCIORES  HEIGHT 


SUBS 

OOMPONEtfT 

UT-LTON 

VCC-FT 

100  HULL  STRUCTURES 

1809.4 

19.46 

110  SHELL  4^  SUPPORTS 

674.2 

15.47 

111 

PLATINC 

330.8 

19.88 

113 

INNER  BOTTOM 

13S.4 

3.07 

114 

SHELL  APPENDAGES 

13.2 

6.50 

ns 

STANCHIONS 

8.1 

18.25 

116 

LONCIT  FRAMING 

S9.4 

.93 

117 

TRANSV  FRAMING 

102.4 

18.11 

120  HULL  STRUCTURAL  BULKHDS 

209.0 

16.47 

121 

LONGIT  STRUCTURAL  BULKHDS 

80.7 

10.28 

122 

TRANSV  STRUCTURAL  BULKHDS 

97.9 

20.37 

123 

TRUNKS  4-  ENUOSURES 

30.4 

20.37 

124 

BULKHEADS,  TORPEDO  PROTEa  SYS 

130  HUU  DECKS 

2S3.7 

33.16 

131 

MAIN  DECK 

141.1 

37.76 

132 

2N0  DECK 

112.6 

27.40 

133 

3R0  DECK 

134 

4TH  DECK 

13S 

STH  DECK>DECKS  BELOU 

136 

01  HULL  DECK 

137 

02  HULL  DECK 

138 

03  HULL  DECK 

139 

04  HULL  DECK 

140  HULL  PUTFORMS/FLATS 

121.6 

14.39 

141 

1ST  PLATFORM 

71.9 

17.46 

142 

2N0  PUTFORM 

49.7 

9.95 

143 

3R0  PUTFORM 

144 

4TH  PUTFORM 

14S 

STH  PUT-fPUTS  BELOU 

149 

FUTS 

ISO  DECK  HOUSE  STRUCTURE 

114.1 

47.88 

160  SPECIAL  STRUCTURES 

213.  S 

11.85 

161 

CASnNCS4F0RCINCS4EQUlV  UELOMT 

55.7 

7.28 

162 

STACKS  AM)  MACKS 

7.6 

52.32 

163 

SEA  CHESTS 

4.5 

3.70 

'  164 

BALLISTIC  PUTINC 

29.2 

31.90 

16S 

SONAR  DOMES 

85.7 

-1.50 

166 

SPONSORS 

167 

HULL  STRUaURAL  UOSURES 

24.2 

26.65 

168 

DKHS  STRUCTURAL  UOSURES 

1.0 

39.85 

169 

SPECIAL  PURPOSE  aOSURES4STRUa 

5.5 

40.08 

170  MASTS4-KINGPOSTS4SERV  PLATFORM 

-9.9 

43.73 

171 

MASTS.TOUERS.TETRAPOOS 

-9.9 

43.73 

172 

KINGPOSTS  AND  SUPPORT  FRAMES 

179 

SERVICE  PUTFORMS 

180  FOUNDATIONS 

215.4 

16.42 

181 

HULL  STRUCTURE  FOUNDATIONS 

182 

PROPULSION  PLANT  FOUMMTIONS 

91.2 

9.16 

183 

ELECTRIC  PLANT  FOUNDATIONS 

32.6 

20.34 

184 

COMMANO4SURVEILLANCE  FDNS 

22.0 

30.70 

18S 

AIDCILIARY  SYSTEMS  FOUNDATIONS 

52.1 

17.54 

186 

0UTFIT4.FURNISHINCS  FOUNDATIONS 

9.5 

23.71 

187 

ARMAMENT  FOUNDAHONS 

7.9 

28.11 

190  SPECIAL  PURPOSE  SYSTEMS 

17.9 

4.00 

191 

BALLAST4BOUYANCY  UNITS 

197 

UELDING  AND  RIVETS 

198 

FREE  FLOODING  LIQUIDS 

17.9 

4.00 

*  DENOTES  INaUSION  OF  PAYLOM)  OR  ADJUSTMENTS 
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PtZNTED  REraRT  NO.  3  -  PROPULSION  PLANT  MElOfT 


SWBS  COMPONEWr  WT-LTON  VOC-FT 

200  PROPULSION  PLANT  S21.4  IS. 43 

210  ENERGY  GEN  SYS  (NUaEAR) 

220  ENERGY  GENERATING  SYSTEM  (NONNUC) 


221 

PROPULSION  BOILERS 

222 

GAS  GENERATORS 

223 

MAIN  PROPULSION  BATTERIES 

224 

MAIN  PROPULSION  FICL  CEUS 

230  PR0PIN.S10N  UNITS 

68.6 

16.79 

231 

STEAM  TURBINES 

232 

STEAM  ENGINES 

233 

DIESEL  ENGINES 

234 

GAS  TURBINES 

68.6 

16.79 

23S 

aECTRIC  PROPULSION 

236 

SELF-CONTAINED  PROPULSION  SYS 

237 

AUXILIARY  PROPIN.SION  DEVICES 

240  TRANSMISSIONf^PROPULSOR  SYSTEMS 

264.3 

6.38 

241 

REDUaiON  GEARS 

84.S 

13.30 

242 

aUTCHES  ♦  COUPLINGS 

243 

SMAFnNC 

97.6 

3.S9 

244 

SHAFT  BEARINGS 

29.8 

6.09 

24S 

PROPULSORS 

S2.4 

.38 

246 

PROPULSOR  SHROUDS  AND  DUaS 

247 

MATER  JET  PROPULSORS 

2S0  SUPPORT  SYSTEMS 

116.8 

37.87 

2S1 

COMBUSTION  AIR  SYSTEM 

31.2 

32.26 

2S2 

PROPULSION  CONTROL  SYSTEM 

12.9 

23.73 

2S3 

»UIN  STEAM  PIPING  SYSTEM 

2S4 

CONDENSERS  AND  AIR  EJECTORS 

2SS 

FEED  AND  CONDENSATE  SYSTEM 

2S6 

aRC  -f  COOL  SEA  MATER  SYSTEM 

S.8 

13.14 

2S8 

H.P.  STEAM  DRAIN  SYSTEM 

2S9 

UPTAKES  (INNER  CASING) 

66.8 

43.37 

260  PROPUL  SUP  SYS-  FUa,  LUBE  OIL 

36.1 

12.33 

261 

FUEL  SERVICE  SYSTEM 

9.4 

10.79 

262 

MAIN  PROPULSION  LUBE  OIL  SYSTEM 

19.0 

12.00 

264 

LUBE  OIL  HANDLING 

7.6 

16.00 

290  SPECIAL  PURPOSE  SYSTEMS 

3S.7 

9.33 

298 

OPERATING  FLUIDS 

30.4 

8.00 

299 

REPAIR  PARTS  >  TOOLS 

S.3 

17.16 

•  DENOTES  INaUSION  OF  PAYLOAD  OR  ADJUSTMENTS 


ranrTED  report  no.  4  -  eiectrk  plant  mexoit 


SMS  COMPONENT  WT-LTON  VOC-FT 


300  ELECTRIC  PLANT.  GENERAL 

182.4 

24.73 

310  ELECTRIC  POHER  GENERATION 

S9.8 

18.08 

311  SNIP  SERVICE  POWER  GENERATION 

59.8 

18.08 

320  POWER  DISTRIBUnON  SYS 

89.7 

27.58 

321  SNIP  SERVICE  POWER  CABU 

84.3 

27.00 

324  SMnCHGEAR*PANELS 

25. 4 

29.03 

330  LIGHTING  SYSTEM 

22.4 

33.15 

331  LIGHTING  DISTRIBUTION 

13.1 

32.85 

332  LIGHTING  FIXTURES 

9.3 

33.58 

340  POHER  GENERATION  SUPPORT  SYS 

8.3 

20.53 

343  TURBINE  SUPPORT  SYS 

8.3 

20.53 

390  SPECIAL  PURPOSE  SYS 

4.2 

20.17 

398  ELECTRIC  PLANT  OP  FLUIDS 

1.2 

18.08 

399  REPAIR  PART^SPECIAL  TOOLS 

3.0 

21.00 

•  DENOTES  INaUSION  OF  PAYLOAD  OR  A03USTMENTS 

PRINTED  REPORT  NO.  S  -  aMNAND4^SURVEILLANCE  MEIQIT 

SMS  COMPONENT 

in'-LTON 

VCC-FT 

400  COMNAMkSURVEILLANCE  3S4.8  24.01 


* 

410  COMANDfCONTROL  SYS 

13.4 

28.41 

•  420  NAVIGAnON  SYS 

14.8 

43.95 

430  INTERIOR  COMMiNICATIONS 

23.7 

25.62 

• 

440  EXTERIOR  COMMUNICATIONS 

28.4 

38.40 

450  SURF  SURV  SYS  (RADAR) 

21.2 

56.40 

• 

451 

SURFACE  SEARCH  RADAR 

1.9 

65.82 

452 

AIR  SEARCH  RADAR 

17.4 

55.35 

* 

455 

IDENnFICATION  SYSTEMS  (IFF) 

1.9 

56.75 

* 

480  UNDERWATER  SURVEILLANCE  SYSTEMS 

81.9 

11.28 

470  COUNTERMEASURES 

44.9 

33.48 

• 

471 

ACTIVE  ♦  ACTIVE/PASSIVE  E(M 

8.0 

61.50 

• 

473 

TORPEDO  DECOYS 

10.6 

33.40 

* 

474 

DECOYS  (OTHER) 

1.6 

58.50 

475 

DEGAUSSING 

26.6 

25.62 

478 

NINE  COUNTERMEASURES 

480  FIRE  CONTROL  SYS 

42.1 

47.06 

• 

481 

GUN  FIRE  CONTROL  SYSTEMS 

14.5 

69.16 

• 

482 

MISSILE  FIRE  CONTROL  SYSTEMS 

20.0 

35.90 

483 

UNDERWATER  FIRE  CONTROL  SYSTEMS 

3.8 

41.30 

• 

484 

INTEGRATED  FIRE  CONTROL  SYSTEMS 

3.9 

27.50 

489 

WEAPON  SYSTEM  SWnCHBOARDS 

490  SPECIAL  PURPOSE  SYS 

108.4 

4.55 

• 

491 

ELCTRNC  TEST.CHKOUT.MONTTR  EQPT 

4.6 

39.00 

492 

FLIGHT  CNTRLi-INSTR  LANDING  SYS 

493 

NON-OONBAT  DATA  PROCESSING  SYS 

494 

METEOROLOGICAL  SYSTEMS 

* 

495 

SPEC  PURPOSE  INTELLIGENCE  SYS 

8.3 

55.78 

498 

C*S  OPERATING  FLUIDS 

86.5 

-3.90 

499 

REPAIR  PARTSfSPECIAL  TOOLS 

7.0 

25.62 

•  DENCfTES  INaUSION  OF  PAYLOAD  OR  ADJUSTMENTS 
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ntzirrED  report  no.  €  •  auxiliary  systems  nexoit 


SMS 

ooMPONEirr 

WT-LTQN 

VCC-FT 

SW  MBOUMtY  SVSTD6,  ONEIAL  SM.C 

23.10 

SID  CUMm  CONraOL 

U1.0 

24.97 

su 

OMPMtIMENT  HEATING  SYSTEM 

C.D 

24.70 

su 

VENnUTION  SYSTEM 

47.2 

32.39 

su 

maamY  space  yemt  systb) 

0.4 

33.23 

su 

An  awnmoNiNC  system 

«0.4 

U.7< 

su 

ttPUCHATION  SYSTBI 

2.} 

U.97 

su 

MR  MiaEtS*aTHCS  NEAT  SOURCES 

S.7 

21.90 

S20  SCA  MTU  SYSTSe 

*4.0 

21.  U 

S21 

FXRBSOIkSEA  MTU  aUSHINC  SYS 

S3.3 

22.49 

S22 

SPRINRLZNC  SYSTEM 

3.S 

21.20 

S2S 

MSNHMN  SYSTEM 

1.0 

40.22 

S24 

MRILIMtY  SEMRTER  SYSTEM 

S2C 

SCUPPERS«MCR  DRAINS 

1.3 

U.07 

S27 

FUBSON  ACIUATEO  SERV.  OTNER 

21.30 

S2S 

PLMUNC  ORAINACE 

U.3 

•  S2S 

DRAPRCE^aAUASTIMC  SYSTEM 

21.C 

U.M 

SIO  FUSN  MTEK  SYSTEMS 

3S.* 

24.72 

SSI 

Disnunc  PLANT 

s.o 

20.94 

*  S32 

anUNC  WATER 

U.7 

32.21 

SSS 

POTASLE  WATER 

7.S 

21.74 

SM 

MR  STEAM  ♦  DRAINS  IN  MACN  MR 

0.7 

U.71 

SSS 

MR  STEAM  «  DRAINS  OUT  MACN  MR 

SSS 

MRILIMtY  FRESN  WATER  OOOLINC 

S40  FUELSAUMXCMTTS.IMNOUNCfSTQIACE 

4C.0 

U.35 

U1 

SHIP  RIEL*CaMPENSATINC  SYSTEM 

42.* 

U.23 

•  S42 

iMIATION»aNERAL  PURPOSE  FUELS 

3.* 

40.70 

MS 

AVIATION^CENERAL  PURPOSE  LUDO 

S44 

LIQUID  CARGO 

MS 

TANR  NEATINC 

MS 

SPEC  FUELAUDRICANTS  NMR)L«STaW 

24.93 

SSO  AIIt.CAS«MISC  aUID  SYSTEM 

U.S 

SSI 

COMPRESSED  AM  SYSTEMS 

U.3 

22.  M 

SS2 

COMPRESSED  CASES 

SSS 

02  N2  SYSTBI 

SM 

LP  DLOW 

27.U 

SSS 

FnE  EXTINOUISHINC  SYSTEMS 

U.3 

SSS 

HYDRAULIC  aUIO  SYSTEM 

SS7 

UQUID  GASES.  CARGO 

SSS 

SPECIAL  PIPING  SYSTEMS 

U.47 

SSO  SUP  am.  sys 

S0.2 

SSS 

STEERINCtOlVING  Om  SYS 

U.3 

20.94 

SS2 

RUDDER 

33.9 

1.43 

MS 

TRIMtHEEL  SYSTEMS 

SSS 

IWNEUVERING  SYSTEMS 

U.94 

S70  UNDERMY  BEaENIStMENr  SYSTEMS 

U.9 

S71 

REaaaSNMENT-AT-SCA  SYSTEMS 

U.O 

37.70 

S72 

SUP  STORES^EOUP  HANDLING  SYS 

7.1 

30.03 

S7S 

CARGO  NMBUNG  SYSTEMS 

S74 

VERnCAL  REaEUStWEU  SYSTEMS 

U.73 

SSO  MEOMNZCM.  NMDUNC  SYSTBS 

<0.2 

Ml 

ANCHOR  HNRILINCfSTOHAa  SYSTEMS 

29.0 

29.10 

SS2 

MOORINC*TDWINC  SYSTEMS 

7.7 

30.  U 

MS 

DQATS,HNR)LINC»STaHMCE  SYSTEMS 

U.2 

11.39 

SSS 

UCN  OPER  OODR.CATE.RAMP.TTDL  SYS 

MS 

ELEVATINC  >  RETRACTINC  GEAR 

SSS 

AnCRAFT  RECOVERY  SUPPORT  SYS 

M7 

AnCRAFT  LAUNCH  SUPPORT  SYSTEM 

32. U 

*  SSS 

AIRCRAFT  IWCILlNC.SERVICINC,STOHAa 

M.7 

MS 

MISC  UCN  NMBLINC  SYSTEMS 

U.33 

SSO  SPEOM.  PWP05E  SYSTBS 

43.2 

SSI 

SCIENnFIC«OCEAN  ENCDKERINC  SYS 

SS2 

SWMCR«OIVER  SUPPORT4FROT  SYS 

7.01 

SSS 

ENVnOIMENTAL  FOLLUnON  CNR  SYS 

S.2 

SSS 

SUDMARIU  RESC+SALVC»SURVIVE  SYS 

SSS 

TOW,  LAUNCH,  HANDLE  UNDERWATER  SYS 

SSS 

HANDLING  SYS  FOR  DIVER^SUMOt  VEH 

SS7 

SALVAGE  SUPPORT  SYSTEMS 

U.70 

SSS 

AUX  SYSTBS  OPERATINC  aUDS 

3S.4 

SSS 

M»  SYSTBtS  REPAIR  PARTS^TOOLS 

2.7 

U.79 

•  DENOTES  INaUSION  OF  PAYLOAD  Oft  AOJUSnCNTS 
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niINTED  REPORT  NO.  7  •  OUTFXT^RWilSHINGS  WEXQIT 


SWBS 

COMPONENT 

Wr-LTON 

VCC-FT 

600  OUTFIT^FURNISHINC.CENERAL 

209.4 

24.01 

610  SHIP  FITTINCS 

IS.O 

42.76 

611 

NULL  FITTINCS 

6.1 

34.96 

612 

RAILS.  STANCNI0NS4^LIFELINES 

7.1 

45.66 

613 

RIOCINC^CMMAS 

i.i 

57.66 

620  HULL  OMPARTMENrATION 

77.9 

21.26 

621 

NON>STRUCTURAL  RULMKADS 

25.2 

27.67 

622 

FLOOR  PLATES^CRATINC 

40.2 

15.23 

623 

LADDERS 

6.5 

24.76 

624 

NON-STRUCTURAL  aOSURES 

4.9 

26.96 

62S  AIRPORTS, FIXED  PORTLICMTS, WINDOWS  1.1  47.65 

630  PRESERVATXVES^COVERINCS  107.6  22.47 


631 

PAINnNC 

33.3 

19.02 

632 

ZINC  COATING 

633 

CATHODIC  PROTECTION 

1.1 

6.00 

634 

DECK  COVERINGS 

26.3 

25.15 

635 

NUU  INSUUnON 

32.8 

29.37 

636 

WILL  OMIPINC 

6.7 

-2.50 

637 

SHEATHING 

3.0 

30.80 

636 

REFRIGERATION  SPACES 

4.6 

18.08 

639 

RADIATION  SHIELDING 

640  LIVINC  SPACES 

26.7 

25.49 

641 

OFFICER  BERTHINC«MESSINC 

7.8 

33.67 

642 

NON-COm  OFFiaR  B4M 

5.1 

25.81 

643 

ENLISTED  PERSONNEL  B«M 

10.3 

19.94 

644 

SANHARY  SPACESfFIXrURES 

2.8 

21.48 

645 

LFTSURE^COMNUNITY  SPACES 

.8 

28.98 

650  SERVxCE  SPACES 

15.1 

26.12 

651 

COMMISSARY  SPACES 

6.6 

28.61 

652 

MEDICAL  SPACES 

1.5 

25.74 

653 

DENTAL  SPACES 

654 

UTILITY  SPACES 

.6 

28.98 

655 

LAUNDRY  SPACES 

3.4 

23.90 

656 

TRASH  DISPOSAL  SPACES 

3.0 

22.70 

660  WORKINC  SPACES 

28.2 

27.43 

661 

OFFICES 

5.4 

25.85 

662 

MACH  CNTL  CENTER  FURNISHING 

1.3 

20.46 

663 

ELEa  CNTL  CENTER  FURNISHING 

6.9 

36.46 

664 

OMtRGE  CNTL  STATIONS 

3.7 

31.43 

665 

WORKSHOPS.LABS.TEST  AREAS 

10.8 

21.96 

670  STOUMX  SPAaS 

26.5 

21.48 

671 

LOOCERSi^SPECIAL  STOWAGE 

8.1 

27.72 

672 

STOREROOMStlSSUE  ROOMS 

18.4 

18.74 

673 

CARGO  STOWAGE 

690  SPECIAL  PURPOSE  SYSTEMS 

2.2 

23.53 

698 

OPERATING  FLUIDS 

.2 

27.19 

699 

REPAIR  PARTS^SPECIAL  TOOLS 

2.0 

23.17 

•  DENOTES  INaUSION  OF  PAYLOAD  OR  ADIUSTMENTS 
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VCC-FT 


ntlNTEO  HEPOIIT  MO.  t  -  AIMMCIIT  WEXOfT 


SMS 


COMPONENT 


700  AMIMCNT 

•  710  CUNS^AMNUNITION 

711  am 

712  MMWniON  HANDLING 

713  MMMmON  STOWAGE 

*  720  NISSLES^^ROCKETS 

*  21  LAUNCHING  DEViaS 

•  722  MISSILE. ftOOCET.GUIO  CAP  HANOL  SYS 

723  MISSILE4^N0CKET  STOWAGE 

724  MISSILE  HYDRAULICS 

725  MISSILE  GAS 

72S  NISSIU  CONPENSAHNG 
727  MISSIU  LAUNCHER  CONTROL 
721  MISSILE  HEAT. COOL. TEMP  CNTRL 
729  MISSILE  MONITOR.TEST.ALINEMENT 
730  MINES 


WT-LTON 

lOS.C 

S3.S 


3S.3 

20.7 

1.0 


34. 


770  CARGO  NUNinONS 

772  CARGO  MUNHIONS  HANDLING 

773  CARGO  MUNITIONS  STOWACr. 

760  AIRCRAFT  RELATED  WEAPONS 

782  AIRCRAFT  RELATED  WEAPONS  HANOL 

783  AIRCRAFT  RELATED  WEAPONS  STOW 
790  SPECIAL  PURPOSE  SYSTEMS 

792  SPECIAL  WEAPONS  HANDLING 

793  SPECIAL  WEAPONS  STOWAGE 

797  MISC  ORDINANCE  SPAaS 

798  ARMAMENT  OPERATING  FLUIDS 

799  ARMMENT  REPAIR  PART^TOOLS 


1.4 


6S 

34.74 


34.23 

26.61 

31.78 


731 

MINE  LAUNCHING  DEVICES 

732 

NINE  HANDLING 

733 

MINE  STOWAGE 

39.40 

*  740  DEPTH  CHARGES 

5.0 

741 

DEPTH  CHARa  LAUNCHING  DEVICES 

742 

DEPTH  CHARGE  HANDLING 

743 

DEPTH  CHARGE  STOWAGE 

38.78 

•  7S0  TORPEDOES 

2.7 

751 

TORPEDO  TUBES 

752 

TORPEDO  HANDLING 

753 

TORPEDO  STOWAGE 

30.94 

•  760  SWkLL  ARMS4^PYRaTECHNICS 

7.7 

761 

SMAU  ARMS^PYRO  LAUNCHING  DEV 

1.0 

33.22 

762 

SMU.L  ARMS4-PVR0  HANDLING 

.9 

33.22 

763 

SMALL  ARMSfPYRO  STOWAGE 

37.78 


•  DENOTES  INaUSION  OF  PAYLOAD  OR  AD3USTMENTS 


1X48 


niINTEO  KFOmr  no.  §  >  umos  mejoit  (full  umd  omditxoio 


SHBS 

COMPONENT 

WT-LTON 

VCC-FT 

FOO  LOADS 

1453.9 

8.03 

FIO  SHIPS  FORCE 

22.4 

27.86 

Fll 

OFFICERS 

3.B 

27.86 

F12 

NON-COmiSSIONEO  OFFICERS 

3.5 

27.86 

F13 

ENLISTED  MEN 

15.1 

27.86 

F14 

NARINES 

FIS 

TROOPS 

F16 

AIR  WING  PERSONNEL 

F19 

OTHER  PERSONNEL 

F20  MISSION  RELATED  EXPENDABLESt^SYS 

100.3 

32.32 

F21 

SHIP  MMUNmON 

93.9 

31.78 

F22 

ORD  DEL  SYS  ANNO 

F23 

ORO  DEL  SYS  (AIRCRAFT) 

6.4 

40.28 

F24 

ORO  KPAIR  PARTS  (SHIP) 

F2S 

ORD  REPAIR  PARTS  (ORO) 

F26 

ORO  DEL  SYS  SUPPORT  EQUIP 

F29 

SPECIAL  MISSION  REUTEO  SYS 

F30  STORES 

27.4 

20.90 

F31 

PROVISIONS*^PERSONNEL  STORES 

22.4 

20.40 

F32 

GENERAL  STORES 

5.0 

23.11 

F33 

NARINES  STORES  (SHIPS  CDMPLEM) 

F39 

SPECIAL  STORES 

F40  LIQUIDS,  PETROLEUM  BASED 

1275.4 

5.56 

F41 

DIESEL  FUEL  NARINE 

1048.6 

5.01 

F42 

3P-5 

27.0 

10.00 

F43 

GASOLINE 

F44 

DISTILLATE  FIKL 

F4S 

NAVY  STANDARD  FUEL  OIL  (NSFO) 

F46 

LUBRICATING  OIL 

199.7 

7.81 

F49 

SPECIAL  FUELS  AND  LUBRICANTS 

FSO  LIQUIDS.  NON-PETRO  BASED 

28.5 

5.25 

F51 

SEA  MATER 

F52 

FRESH  MATER 

28.5 

5.25 

FS3 

IKSERVE  FEED  HATER 

F54 

HYDRAULIC  aUIO 

F55 

SANITARY  TANK  LIQUID 

FSB 

CAS  (NON  FUEL  TYPE) 

FS9 

NISC  LIQUIDS.  NON-PETROLEUM 

F60  CARGO 

F61  CARGO,  OROIIMNCE  >  DELIVERY  SYS 
F62  CARGO.  STORES 
F63  CARGO,  FUELS  LUBRICAKTS 
F64  CARGO,  LIQUIDS,  NON>PETROLEUM 
F6S  CARGO,  CRVOGENIC-^LIQUEFIED  GAS 
F66  CARGO,  AMPHIBIOUS  ASSAULT  SYS 
F67  CARGO,  GASES 
F69  CARGO,  MISCELLANEOUS 
M24  FimmE  GROimi  MARGIN 

*  DENOTES  INaUSION  OF  PAYLOAD  OR  AOIUSTNENTS 
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S«« 


SPACE  MODULE 

PRINTED  REPORT  NO.  1  -  SUNNARY 


COLL  PMTEa  SVS-PARTIAL  SONAR  DOME-PRESENT  ONH  COMPIANOER-NONE 


RILL  LOAD  W,  LTON 

S721.8 

HAB  STANDARD  FAC 

0.000 

TOTAL  CREW  ACC 

192. 

PASSMAY  IMRCIN  FAC 

0.000 

HULL  AVC  DECK  HT,  FT 

9.9S 

AC  IMRCIN  FAC 

0.000 

MR  VOLUME.  FT3 

118S00. 

SPACE  MARGIN  FAC 

0.000 

AREA  FT2 

VOL  FT3 

PAYLOAD 

TOTAL 

TOTAL 

TOTAL 

REQUIRED 

REQUIRED 

AVAILABLE 

ACTUAL 

DKHS  ONLY 

38S8.0 

7744.3 

7828.9 

67164. 

HULL  OR  DKHS 

7081.3 

41683.0 

42299. S 

598974. 

TOTAL 

10939.3 

49407.3 

S0128.4 

666138. 

TOTAL 

DKHS 

PERCENT 

1  CROUP 

AREA  FT2 

AREA  FT2 

TOTAL  AREA 

MISSION  SUPPORT 

12296.5 

4542.6 

24.9 

HUNAN  SUPPORT 

10978.3 

384.4 

22.2 

SHIP  SUPPORT 

23264.3 

1941.3 

47.1 

SHIP  MOBILITY  SYSTEM 

2868.2 

876.0 

5.8 

UNASSICNED 

0.0 

TOTAL 

49407.3 

7744.3 

100.0 
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§§§§ 


niZMTED  REPORT  NO.  2  -  MISSION  SUPPORT  AREA 


TOTAL 

DKHS 

sscs 

CROW 

AREA  FT2 

AREA  FT2 

1.  MISSION  SUPPORT 

12296.5 

4542.6 

1.1 

COMMANO.COMNUNICATIONfSURV 

6888.7 

1131.9 

1.11 

EXTERIOR  OMRmiCATlONS 

150.0 

•1.111 

RADIO 

150.0 

1.112 

UNOENMATER  SYSTEMS 

1.12 

SURVEILLANCE  SYS 

2611.0 

291.0 

•1.121 

SURFACE  SURV  (RAOAR) 

669.0 

291.0 

1.122 

UNDERWATER  SURV  (SONAR) 

1942.0 

1.13 

COMMAND»CONTROL 

2501.9 

671.9 

•1.131 

COMBAT  INFO  CENTER 

1830.0 

1.132 

CONNING  STATIONS 

671.9 

671.9 

1.1321 

PILOT  HOUSE 

591.9 

591.9 

1.1322 

CHART  ROOM 

80.0 

80.0 

1.14 

COUNTERMEASURES 

1134.0 

169.0 

•1.141 

ELECTRONIC 

570.0 

169.0 

•1.142 

TORPEDO 

564.0 

1.143 

MISSILE 

I.IS 

INTERIOR  COMMUNICATIONS 

459.6 

1.16 

ENVIROMIENTAL  CNTL  SUP  SYS 

32.2 

1.2 

WEAPONS 

3145.3 

1698.0 

•1.21 

GUNS 

2152.0 

1162.0 

•1.22 

MISSILES 

993.3 

536.0 

1.23 

ROCKETS 

1.24 

TORPEOOS 

1.2S 

DEPTH  CHARGES 

1.26 

MINES 

1.27 

SPECIAL  WEAPONS 

1.3 

AVIATION 

1866.0 

1700.0 

•1.31 

AVUTION  UUNCHINURECOVERY 

10.0 

1.311 

LAUNCHING*^RECOVERY  AREAS 

1.312 

LAUNCHING4-RECOVERY  EQUIP 

1.33 

AIRCRAFT  HANDLING 

•1.34 

AIRCRAFT  STOWAGE 

1700.0 

1700.0 

1.36 

AVIATION  MAINTENANCE 

•1.37 

AVIATION  ORDNANCE 

156.0 

1.372 

CONTROL 

1  373 

HANDLING 

1.374 

STOWAGE 

1.38 

AVIATION  FUEL  SYS 

1.39 

AVIATION  STORES 

1.6 

INTERMEDIATE  MAINT  FAC 

1.641 

STOWAGE-WEAPONS 

1.7 

FLAG  FAaLHIES 

1.73 

HANDLING 

1.74 

STOWAGE 

1.8 

SPECIAL  MISSIONS 

•1.9 

SM  ARMS,PYRO«-SALU  BAT 

396.5 

12.7 

1.911 

SM  ARMS  (LOCKER) 

55.3 

1.921 

PYROTECHNICS  (LOCKER) 

12.7 

12.7 

1.932 

SALUTING  BAT  (MAGAZINE) 

18.7 

1.95 

LANDING  FORa  EQUIP 

106.9 

•  DENOTES  INaUSION  OF  PAYLOM)  OR  AOJUSTNENTS 
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mXNTED  REFOirr  NO.  3  -  HUNAN  SUPPORT  AREA 


TOTAL 

DKHS 

sscs 

CROUP 

AREA  FT2 

AREA  FT2 

2.  HUNAN  S(m*ORT 

10978.3 

384.4 

2.1 

LIVINC 

6347.5 

340.0 

2.11 

OFFICER  LIVINC 

1821.0 

340.0 

2.111 

BERTHING 

1596.0 

260.0 

2.1111 

SHIP  OFFICER 

1596.0 

260. 

2. ins 

FLAG  OFFICER 

2.112 

SANITARY 

225.0 

80.0 

2.1121 

SHIP  OFFICER 

225.0 

80. 

2.112S 

FLAG  OFFICER 

2.12 

CPO  LIVINC 

930.0 

2.121 

BERTHING 

744.0 

2.122 

SANHARY 

186.0 

2.13 

CREW  LIVINC 

3425.1 

2.131 

BERTHINC 

2940.0 

2.132 

SANHARY 

485.1 

2.1332 

RECREATION  (LIBRARY) 

2.14 

GENERAL  SANHARY  FAaLHIES 

110.0 

2.141 

LADIES  RETIRING  RM 

80.0 

2.142 

BRIDGE  IMSHROQHfWC 

15.0 

2.143 

DECK  IMSHROON^WC 

15.0 

2. IS 

SHIP  RECREATION  FAC 

61.4 

2.1S2 

NOTION  PIC  FILN4^EQUIP 

38.4 

2.1S3 

PHYSICAL  FITNESS 

23.0 

2.1S4 

BAND  EQUIP  RN 

2.2 

CONNISSARY 

3154.4 

2.21 

FOOD  SERVICE 

1935.8 

2.211 

OFFICER  (NESS+LOUNCE) 

582.1 

2.212 

CPO  (NESS4-LOUNCE) 

535.6 

2.213 

CREW  (NESSfLOUNCE) 

818.1 

2.22 

CONNISSARY  SERVICE  SPACES 

788.2 

2.23 

FOOD  ST0RACE4-ISSUE 

430.5 

2.231 

CHILL  PROVISIONS 

158.1 

2.232 

FROZEN  PROVISIONS 

57.2 

2.233 

DRY  PROVISIONS 

215.1 

2.234 

ISSUE 

2.3 

NEOICAL>OENTAL  (NEDICAL) 

300.0 

2.4 

GENERAL  SERVICES 

686.7 

2.41 

SHIP  STORE  SPAaS 

246.6 

2.411 

SHIP  STORE 

106.0 

2.412 

aOTNINCtSM  STORES  ISSUE 

17.0 

2.41S 

SHIP  STORE  STORES 

123.6 

2.42 

LAUNDRY  FACILIHES 

293.8 

2.43 

DRY  aEANINCf^TAILOR  SHOP 

2.44 

BARBER  SERVICE 

80.0 

2.46 

POSTAL  SERVICE 

54.4 

2.47 

BRIG 

2.48 

RELIGIOUS 

12.0 

2.S 

PERSONNEL  STORES 

171.4 

44.4 

2.51 

BAGGAGE 

35.0 

2.52 

HARDROON  STOREROON 

14.4 

14.4 

2. S3 

CPO  STORE  ROON 

12.0 

2.54 

CONNANOINC  OFFICER  STRM 

40.0 

2.5S 

FOUL  WEATHER  GEAR  (LOCKER) 

30.0 

30.0 

2.57 

FOLDING  CHAIR  STOREROON 

40.0 

2.6 

CBR  PROTECTION 

138.4 

2.7 

LIFESAVING  aiFElACKETS) 

20.0 

2.9 

POLLUTION  CNTL  SYS  (SEhMCE) 

159.9 

*  DENOTES  INaUSION  OF  PAYLOAD  OR  M>3USraENTS 
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PtnrTED  REPORT  NO.  4  -  SHIP  SUPPORT  AREA 


SSCS  CROUP 


TOTAL  OKHS 

AREA  FT2  AREA  FT2 


3.  SHIP  SUPPORT 

3.1  SHIP  Om.  SYSCSTEER1NC«^DIVINC) 

3.2  OAMACE  CNTL 

3.21  OAIMCE  OfTL  CENTRAL 

3.22  REPAIR  STATIONS 

3.2S  FIRE  FICHTINC 

3.3  SHIP  AONlNISrRATION 

3.4  AUXILIARY  MACHINERY 

3.41  ENGINEERING  AUX 

3.411  A/OREFRICERATION 

3.4111  A/C  (INC  VENT) 

3.4112  REFRIGERATION 

3.417  PUMP^COMPRESSOR  RM 

3.42  DECK  AUXILIARIES 

3.421  ANCHOR  HANDLING 

3.422  LINE  HANDLING 

3.4X  AUXILIARY  MACHINERY  DELTA 

3.5  ELECTRICAL 

3. 51  POWER  GENERATION 

3.511  SHIP  SERVICE  POWER  GEN 

3.512  EMERGENCY  GENERATORS 

3.S14  400  HERTZ 

3.52  n«  DIST^CNTL 

3.S4  DEGAUSSING 

3.6  SHIP  MAINTENANCE 

3.61  ENGINEERING  DEPT 

3.611  AUX  (FILTER  aEANINC) 

3.612  ELECTRICAL 

3.613  MECH  (GENERAL  WK  SHOP) 

3.614  TEST  LAB 

3.615  NUaEONICS 

3.62  OPERATIONS  DEPT  (ELEOT  SHOP) 

3.63  WEAPONS  DEPT  (ORDNANCE  SHOP) 

3.64  DECK  DEPT  (CARPENTER  SHOP) 

3.7  STOREROOMS4-ISSUE  RMS 

3.71  SUPPY  DEPT 

3.711  HAZARDOUS  MATL  (FLAM  LIQ) 

3.712  SPECIAL  aOTHINC 

3.713  GEN  USE  CONSUMi-REPAIR  PART 

3.714  HANOLINC(STORE  CONV  TRUNK) 

3.72  ENGINEERING  DEFT 

3.73  OPERATIONS  DEPT 

3.74  DECK  DEPT  (BOATSIMIN  STORES) 

3.8  ACCESS  (INTERIOR-NORMAL) 


23264.3 

619.7 

473.8 

243.1 

230.7 

1299.0 

78S2.9 

2073.3 

1640.2 

1S42.0 

98.2 

433.1 
612.0 

378.9 

233.1 
S167.6 

127.9 


2.9 

12S.0 

1438.9 

816.3 

90.0 

133.2 

533.1 

60.0 


472.7 

79.9 

70.0 

3540.0 

1780.7 

133.2 

72.5 

1166.4 

408.5 

333.1 

519.3 

906.9 

7912.2 


1941.3 


789.5 

789.5 

789.5 

789.5 


354.0 


46.6 

307.4 

797.7 


*  DENOTES  INaUSION  OF  PAYLOAD  OR  M)3USTMENTS 


D-53 


PRINTED  REPORT  NO.  S  -  SHIP  NOBILITY  SYSTEN  AREA 


TOTAL  OtCHS 


sscs 

GROUP 

AREA  FT2 

AREA  FT2 

4.  SHIP  MOBILITY  SYSTEM 

2868.2 

876.0 

4.1 

PROPULSION  SYSTEM 

2868.2 

876.0 

4.11 

STEAM  (COtMENTIONAi.j 

4.1U-3 

OMBUSnON  AIR-EXHAUST 

4.114 

CONTROL 

4.12 

STEAM  (NUaEAR) 

4.122-3 

COMBUSTION  AIR-EXHAUST 

4.124 

CONTROL 

4.13 

DIESEL 

4.132 

COMBUSTION  AIR 

4.133 

EXHAUST 

4.134 

CONTROL 

4.14 

CAS  TURBINL 

2868.2 

876.0 

4.142 

COMBUSTION  AIR 

827.3 

383.6 

4.143 

EXHAUST 

1100.9 

492.4 

4.144 

(DNTROL 

940.0 

4.3 

FUEL-NUaEAR  (CORE  REMOVAL) 

*  DENOTES  INaUSION  OF  PAYLOAD  OK  AOIUSTMENTS 


PRINTED  P^OORT  NO.  €  -  REQUIRED  TANKAGE 

POLLUTION  CNTRL  INO-PRESENT 


ENDURANCE  FUEL,  FT3  46244. 
AVIATION  FUEL.  FT3  1191. 
FRESH  WATER.  FT3  1028. 
SEWAGE.  FT3  385. 
WASTE  OIL  WATER.  FT3  925. 
aEAN  BALLAST.  FT3  12763. 


TANKAGE  VOL  REQ,  FT3  62536. 
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DESIGN  SUMMARY 


PfOKTEO  REPORT  NO.  1  -  SUMMARY 


PRINCIPAL  CHARACTERISTICS  -  FT 


LBP  390.0 
LOA  409.3 
BEAM.  OWL  SS.O 
BEAM,  HEATHER  DECK  60.3 
DEPTH  •  STA  10  36.5 
DRAFT  TO  KEEL  DHL  15.0 
DRAFT  TO  KEEL  LWL  15.0 
FREEBOARD  •  STA  3  30.5 
GMT  5.5 
CP  0.650 
CX  0.919 


SPEED(KT):  MAX-  26.5  SUST-  25.3 
ENDURANCE:  4950.0  IM  AT  16.0  KTS 


TRANSMISSION  VfPE:  MECH 

MAIN  ENG:  4  CT  •  13240.0  HP 

SHAFT  POWER/SHAFT:  23516.1  HP 

PROPELLERS:  2  -  CP  -  15.5  FT  OIA 

SEP  GEN:  1  CT  •  2500.0  KW 

PO  GEN:  2  VSCF  •  2000.0  KW 


24  HR  LOAD  1509.1 

MAX  MARC  ELECT  LOAD  3360.8 


OFF 

CPO 

ENL 

TOTAL 

MANNING 

21 

24 

147 

192 

ACCOM 

21 

24 

147 

192 

HEIGHT  SUMMARY  -  LTON 


CROUP  1  -  HULL  STRUCTURE 
GROUP  2  -  PROP  PLANT 
CROUP  3  -  ELECT  PLANT 
CROUP  4  -  com  *■  SURVEIL 
CROUP  5  -  AUX  SYSTEMS 
CROUP  6  -  OUTFIT  >  FURN 
CROUP  7  -  ARMAMENT 

1809.4 

521.4 

182.4 
354.8 

520.6 

299.4 

105.6 

SUM  CROUPS  1-7 

DESIGN  MARGIN 

3793.6 

474.2 

LIGHTSHIP  HEIGHT 

LOADS 

4267.8 

1453.9 

FULL  LOAD  DISPLACEMENT 
FULL  LOAD  KG:  FT 

5721.8 

19.6 

MILITARY  PAYLOAD  WT  -  LTON  639.0 
USABLE  FUEL  WT  -  LTON  996.2 

AREA  SUmARY  -  FT2 
HULL  AREA 

SUPERSTRUCTURE  AREA  - 

42299.5 

7828.9 

TOTAL  AREA 

50128.4 

VOLtP€  SUW4ARY  -  FT3 

HULL  VOLUME  -  598974.2 

SUPERSTRUCTURE  VOLUME  -  67163.6 

TOTAL  VOLUME  666137.8 


PRINTED  REPORT  NO.  2  -  NANNING  AND  ACCOMMODATION  SUMMARY 

SHIPS  AIR  FLAG  STAFF  TOTAL  TOTAL 


CREW 

DETACH 

/OTHER 

MANNING 

ACCOmODATION 

OFFICERS 

17. 

4. 

0. 

21. 

21. 

CPO 

23. 

1. 

0. 

24. 

24. 

OEM 

135. 

12. 

0. 

147. 

147. 

TOTAL 

175. 

17. 

0. 

192. 

192. 
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PERFORMANCE  ANALYSIS 


PRINTED  REPORT 

NO.  1  -  SUWMRY 

PERF  DISP  INO 

FULL  LOAD 

MAIN  ENG  NO 

4. 

TOWED  BODY  INO 

NONE 

MAIN  ENC  TYPE  INO 

a 

SHIP  FUEL  TYPE  INO 

3P-5 

MAIN  ENC  PWR  AVAIL,  HP 

13240. 

PROP  TYPE  INO 

CP 

SEC  ENC  NO 

0. 

NO  PROP  SHAFTS 

2. 

SEC  ENC  TYPE  INO 

SIC  IMVE  HT,  FT 

0.00 

SEC  ENC  PWR  AVAIL,  HP 

• 

MONTHS  IN  SERVICE 

0.00 

SS  ENC  NO 

1. 

HULL  FOULING  FAC 

0.011 

SS  ENC  TYPE  INO 

CT 

PROP  FOULING  FAC 

0.000 

24  HR  AVC  ELEa  LOAD,  KW 

1S09.1 

ANNUAL  FUEL  USAGE, 

BBL  0. 

TRANS  TYPE  INO 

NECH 

SPEED  PERFOIMANCE  SUMPtMtY 


SPEED 

KT 

DRAG  RANGE 
LBF  NM 

REQ 

BHP 

HP 

PRPLN 
ENC  0/L 
MN  SC 

FUEL  FUEL 

SFC  aOW  CONS  PROP  TRNSP 

LBM/HP-HR  LTON/HR  (M/LTON  COEF  EFF 

16.0 

121097.  6S09. 

9318. 

2 

0 

.610 

2.44 

6.5 

0.664 

67.5 

17.0 

133170.  6280. 

10861. 

2 

0 

.577 

2.69 

6.3 

0.665 

61.6 

18.0 

149390.  S939. 

12894. 

2 

0 

.543 

3.01 

6.0 

0.665 

54.9 

19.0 

171606.  S48S. 

15648. 

2 

0 

.511 

3.44 

5.5 

0.663 

47.8 

20.0 

185361.  S28S. 

17726. 

2 

0 

.492 

3.76 

5.3 

0.665 

44.4 

21.0 

206871.  4940. 

20762. 

2 

0 

.471 

4.22 

5.0 

0.664 

39.8 

22.0 

223398.  3906. 

23424. 

4 

0 

.553 

5.59 

3.9 

0.665 

36.9 

23.0 

242897.  3753. 

26579. 

4 

0 

.529 

6.08 

3.8 

0.666 

34.0 

24.0 

266843.  3568. 

30450. 

4 

0 

.506 

6.68 

3.6 

0.665 

31.0 

2S.0 

303013.  3294. 

36110. 

4 

0 

.481 

7.53 

3.3 

0.662 

27.2 

26.0 

347426.  3003. 

43240. 

4 

0 

.457 

8.60 

3.0 

0.658 

23.6 

26.  S 

372310.  2858. 

47329. 

4 

0 

.447 

9.20 

2.9 

0.656 

22.0 

PRINTED  REPORT  NO.  2  -  MISSION  PERFORMANCE  SUMMARY 

AM«IAL  FUEL  USAGE,  BBL  S6172. 


MISSION  PROFILE  FUEL  FUEL 

SPEED  SIC  WAV  RANGE  FLOW  CONS  PROPUL  TRNSP 


KT 

PERCENT 

HT-FT 

PERCENT 

LTON/HR 

M1/LT0N 

COEF  EFF 

6.0 

11.9 

0.0 

1.7 

14.0 

46.6 

4.0 

15.7 

20.0 

35.6 

6.5 

11.6 

5773. 

2.98 

5.8 

0.655  96.6 

25.0 

4.4 

10.2 

42.0 

30.0 

1.5 

17.0 

29.0 

IS.  9  10.6 
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PRINTED  REPORT  NO.  3  -  OETAXLEO  NISSIQN  PERFORMANCE 


SIC  MAVE  HT,  nr 
PROBABILITY  OF 
OCCIWANCE.  PCNT 


SIC  MAVE  HT.  FT 
PROBABILITY  OF 
OCCURANCE.  POTT 


SIC  MAVE  HT,  FT 
PROBABILITY  OF 
OCCURANCE.  PCNT 


SIC  MAVE  HT.  FT 
PROBABILITY  OF 
OCCURANCE,  PCNT 


SIC  WAVE  HT.  FT 
PROBABILITY  OF 
OCCURANCE.  PCNT 


0.0 


1.7 


4.0 

15.7 


6.5 

11.6 


10.2 

42.0 


17.0 

29.0 


SPEED  PROBABILITY 

ORAC 

REQ  PROP  FUEL  CONS 

KT 

PCNT 

LBF 

HP 

NN/LTON 

6.0 

11.9 

20038. 

588. 

6.5 

14.0 

46.6 

106890. 

7307. 

6.6 

20.0 

35.6 

185361. 

17726. 

5.3 

25.0 

4.4 

303013. 

36110. 

3.3 

27.1 

1.5 

404997. 

52960. 

2.7 

SPEED  PROBABILITY 

ORAC 

REQ  PROP  FUEL  CONS 

KT 

PCNT 

LBF 

HP 

nnaton 

6.0 

11.9 

20080. 

590. 

6.5 

14.0 

46.6 

107117. 

7324. 

6.6 

20.0 

35.6 

185756. 

17767. 

5.3 

25.0 

4.4 

303659. 

36194. 

3.3 

27.1 

1.5 

405128. 

52960. 

2.7 

SPEED  PROBABILITY 

ORAC 

REQ  PROP  FUEL  CONS 

KT 

PCNT 

L8F 

HP 

IM/LTON 

6.0 

11.9 

20181. 

593. 

6.5 

14.0 

46.6 

107656. 

7365. 

6.6 

20.0 

35.6 

186690. 

17864. 

5.3 

25.0 

4.4 

305187. 

36392. 

3.3 

27.1 

1.5 

405437. 

52960. 

2.7 

SPEED  PROBABILITY 

DRAC 

REQ  PROP  FUEL  CONS 

CT 

PCNT 

LBF 

HP 

NM/LTON 

6.0 

11.9 

20481. 

603. 

6.4 

14.0 

46.6 

109254. 

7488. 

6.5 

20.0 

35.6 

189462. 

18151. 

5.2 

25.0 

4.4 

309717. 

36981. 

3.3 

27.0 

1.5 

406627. 

52960. 

2.7 

SPEED  PROBABILITY 

ORAC 

REQ  PROP  FUEL  CONS 

HT 

PCNT 

LBF 

HP 

IM/LTON 

6.0 

11.9 

21628. 

641. 

6.3 

14.0 

46.6 

115370. 

7962. 

6.3 

20.0 

35.6 

200067. 

19259. 

5.0 

25.0 

4.4 

327054. 

39256. 

3.1 

26.6 

1.5 

410068. 

52960. 

2.6 
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HYDROSTATIC  ANALYSIS 


PRIHTB)  REPORT  NO.  1 

•  SUNNMtY 

DISPLACEMENT.  LTON 

S721.B 

MAX  AREA  STA  LOC  FM  FP.FT 

213.05 

LCC  LOCC-^VE  FMD  MID).  FT 

-S.8S 

AREA  AT  MAX  AREA  STA.  FH 

756.5 

MIDSHIP  DRAFT,  FT 

14. 8S 

BEAM  AT  MAX  AREA  STA.  FT 

55.06 

TRIM(+  BY  STERN),  FT 

2.36 

DRAFT  AT  MAX  AREA  STA.  FT 

14.96 

KC,  FT 

19.  S9 

BLOa  COEF 

0.599 

SHIP  LBP,  FT 

390.00 

PRISMATIC  COEF 

0.653 

METACENTRIC  HT(GM),  FT 

S.57 

SECnONAL  AREA  COEF 

0.916 

MATERPLANE  AREA,FT2 

1689S.4 

WATERLINE  LENGTH,  FT 

389.37 

WETTED  SURF  AREA,  FT2 

22701.1 

PRINTED  REPORT  NO.  2 

-  HYDROSTATIC  VARIABLES  OF  FORN 

TOTAL 

APPDC 

TOTAL 

DRAFT 

VOLUME 

VOLUME 

DISFL 

LS 

K8 

LCF 

FT 

Fn 

FT3 

LTON 

FT 

FT 

FT 

12. >S 

166613. 

7S29. 

4763.6 

-2.33 

7.04 

-21.27 

13.14 

171330. 

7S42. 

4699.0 

•3.06 

7.21 

-22.01 

13.43 

176113. 

7S33. 

3033.1 

-3.37 

7.36 

-22.43 

13.71 

1S0S96. 

7S62. 

3171.9 

-4.06 

7.34 

-22.63 

14.00 

1S3691. 

7S6S. 

3309.0 

-4.33 

7.71 

-22.61 

14.21 

190493. 

7S71. 

3446.3 

-3.01 

7.U 

-22.36 

14.37 

193306. 

7S71. 

3363.9 

•3.44 

6.04 

-22.33 

14. S3 

200129. 

7671. 

3721.6 

-3.63 

6.20 

-22.32 

13.14 

204963. 

7671. 

3660.0 

-6.24 

6.37 

-22.46 

13.43 

209S09. 

7S71. 

3996.3 

-6.62 

6.33 

-22.43 

13.71 

214666. 

7S71. 

6137.4 

-6.97 

6.69 

-22.40 

16.00 

219336. 

7S71. 

6276.6 

-7.31 

6.63 

-22.36 

16. 2S 

2244U. 

7S71. 

6416.1 

-7.64 

9.02 

•22.31 

16.37 

229307. 

7S71. 

6336.0 

-7.93 

9.16 

-22.27 

16.63 

234209. 

7S71. 

6696.1 

-6.23 

9.34 

•22.22 

WETTED 

BLOCK 

FRISMATIC 

WPIANE 

WFLANE 

DRAFT 

SURFACE 

COEFF 

COEFF 

COEFF 

AREA 

TFl 

FT 

FT2 

• 

• 

• 

FT2 

LTON/IN 

12. S3 

209S3.3 

0.371 

0.633 

0.766 

16311.1 

39.34 

13.14 

212S1.3 

0.373 

0.636 

0.773 

16623.1 

39.61 

13.43 

21349.2 

0.379 

0.639 

0.777 

16707.3 

39.61 

13.71 

21793.6 

0.363 

0.642 

0.760 

16762.2 

39.94 

14.00 

22019. S 

0.3S7 

0.643 

0.762 

16794.3 

40.01 

14. 2S 

22246.1 

0.391 

0.647 

0.764 

16622.3 

40.06 

14.37 

22473.3 

0.393 

0.630 

0.766 

16633.6 

40.16 

14. S3 

22701.1 

0.399 

0.633 

0.766 

16693.4 

40.23 

13.14 

2292S.9 

0.603 

0.633 

0.790 

16936.1 

40.33 

13.43 

23136.S 

0.606 

0.636 

0.791 

16977.6 

40.43 

13.71 

233S4.6 

0.609 

0.660 

0.793 

17019.4 

40.33 

16.00 

23612.3 

0.612 

0.662 

0.794 

17060.1 

40.63 

16. 2S 

23S39.7 

0.613 

0.663 

0.796 

17099.4 

40.74 

16.37 

24067.1 

0.617 

0.667 

0.797 

17137.6 

40.63 

16.S3 

24294.3 

0.620 

0.669 

0.796 

17173.2 

40.92 

DRAFT 

dOlTS 

LONG  DM 

TRNSV  BM 

LONG  KM 

TRNSV  KM 

NTl 

FT 

MVLTON 

FT 

FT 

FT 

FT 

FT-LTDN/IN 

12.S3 

23.74 

S70.73 

19.30 

677.79 

26.34 

666.3 

13.14 

26. S3 

S63.S1 

19.14 

671.02 

26.33 

904.2 

13.43 

27.49 

632.24 

16.79 

639.61 

26.17 

916.9 

13.71 

27.S1 

S37.30 

16.42 

644.63 

23.97 

923.3 

14.00 

27.94 

620.01 

16.03 

627.72 

23.74 

930.2 

14.2S 

27.S4 

603.26 

17.66 

611.16 

23.33 

934.6 

14.37 

27.S6 

767.43 

17.30 

793.47 

23.34 

939.3 

14. S3 

27.S9 

772.30 

16.96 

760.30 

23.17 

944.2 

13.14 

27.92 

737.79 

16.64 

766.16 

23.01 

946.6 

13.43 

27.94 

743.U 

11.31 

732.42 

24.66 

933.3 

13.71 

27.93 

730.33 

16.06 

739.23 

24.73 

936.1 

16.00 

27.96 

717.72 

13.76 

726.36 

24.64 

962.6 

16. 2S 

27.97 

703.29 

13.32 

711.31 

24.33 

966.9 

16.37 

27.9S 

693.30 

13.26 

702.46 

24.44 

971.2 

16.S3 

27.9S 

661.73 

13.01 

691.07 

24.33 

973.4 
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niZMTED  REPORT  NO.  3  >  FLOOIMBLE  LENGTH 


UCATION  PCm 
ROM  R.rr  0.9S 
S7.79  1S4.M 
M.SO  U2.SX 

Tt.oo  m.u 
•7. so  12a.71 
117.00  US.  73 
UO.SO  140.40 
ISO.OO  UO.ID 
US.  SO  Ul.tS 
US.OO  2U.OO 
214.  SO  2U.SS 
234.00  1M.49 

253.50  160.31 
273.00  U0.46 

292. 50  U3.S4 
3U.00  U2.33 
331.  SO  US.  SI 
337.93  104.14 


PRINTED  REPORT  NO.  4  -  DfTAa  STATIC  STABILITY 


IWTAa  WIND  SPEED,  KT 

100.00 

UT  RESIST  CENTER.  FT 

7.43 

SAIL  AREA.  FT2 

113S0.3 

TURN  SPEED,  KT 

26.49 

SAIL  AREA  FAaOR 

1.2S 

TURN  RADIUS,  FT 

818.63 

SAIL  AREA  OR  ABV  UL,  FT 

16. 9B 

TURN  HEEL  ANaE.  DEC 

10.04 

WIND  ARM  RATIO 

0.17 

TURN  AM  RATIO 

0.23 

WIND  AREA  RATIO 

7.20 

TURN  AREA  RATIO 

0.79 

WIND  LEVER  ARM.  FT 

0.7S 

TURN  LEVER  ARM.  FT 

1.02 

WIND  LIMITINC  KC.  FT 

24.08 

TURN  LIMHINC  KC.  FT 

21.72 

TABLE  OF  INTAa  RIOTTINC  ARMS(CZ),  DRAFTS.  AND  TRIMS,  FT 

HEEL,  DEC  0.00  S.OO  10.00  20.00  30.00  40.00  SO.OO  60.00  70.00  90.00 

CZ  0.00  0.49  1.00 

2.0S  3.04 

3.90  4.39  4.16  3.S0  2.S6 

TRIM  2.36  2.3S  2.29 

1.93  0.96  -0.72  -2.90  -6.37-U.74-30.1D 

DRAFT  14.9S  14.94  14.79  14.S6  U.97  U.6S  10.24  6.37  -0.93-22.26 

PRINTED  REPORT  NO.  5 

-  OMMGED  STATIC  STABILITY 

LAT  RESIST  CENTER.  FT 

10.26 

DMIACED  WIND  SPEED.  KT 

34.02 

SAIL  AREA.  FT2 

8959. 1 

STATIC  HEEL  ANCLE,  DEC 

0.00 

SAIL  AREA  FACTOR 

1.25 

AREA  RATIO 

21.01 

SAIL  AREA  CTR  ABV  WL,  FT 

14.71 

MIN  WL-MRCN  LINE  SEP,  FT 

15.36 

WIND  LEVER  ARM,  FT 

0.07 

LIMITINC  KC.  FT 

24.49 

COMPAmCNr  DESaiPTIONS 


COMP 

SYMMURY 

PERM 

FRND.FT 

MN0,FT 

1 

0 

0.9S0 

-U.31 

U.SO 

2 

0 

0.9S0 

U.SO 

42.76 

3 

0 

0.9S0 

42.76 

66.02 

4 

0 

0.9S0 

66.02 

99.29 

S 

0 

0.9S0 

89.29 

U2.SS 

6 

0 

0.9S0 

U2.SS 

149.33 

7 

0 

0.9S0 

148.33 

U7.S9  • 

9 

0 

0.9S0 

177.S9 

2U.U  * 

9 

0 

0.9S0 

2U.U 

242.40  • 

10 

0 

0.9S0 

242.40 

292.M 

11 

0 

0.9S0 

292.99 

309.66 

u 

0 

0.9S0 

309.66 

336.44 

u 

0 

0.9S0 

336.44 

363.22 

14 

0 

0.9S0 

363.22 

390.00 

*  DENOTES  COMPNRIMENr  IS  OMMGEO. 

TABLE  Of  OMWCED  RICHTINC  ARMSCCZ).  DRAFTS.  AND  TRIMS,  FT 
HEEL,  DEC  0.0  S.O  10.0  U.O  20.0  2S.0  30.0  3S.0  40.0  4S.0 


CZ  0.00  0.3S  0.71  1.10  1.S2  1.97  2.40  2.99  3.37  3.60 
TRIM  -2.36  -2.37  -2.40  -2.44  -2.S4  -2.73  -3.04  -3.4S  -3.90  -4.32 
DRAFT  20.S3  20.S2  20.46  20.43  20.34  20.21  U.99  U.67  U.29  U.89 
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nUNTEO  lEPQirr  no.  6  -  APPENDAGES 


TOTAL 

TOTAL 

CENTROID 

APPENDMCC 

RADIUS 

VOLUME 

OISP 

- gooroumtes. 

FT . 

FT 

FT3 

LTON 

X 

V 

Z 

SMELL 

S.89 

9S7. 

24.  S 

200. 8S 

0.00 

8.S8 

SKCC 

2.30 

SI. 

l.S 

299.09 

0.00 

0.72 

BZLCE  KEEL 

3.33 

ISS. 

4.4 

19S.00 

26.78 

7.38 

BILGE  KEEL 

3.33 

ISS. 

4.4 

19S.00 

-26.78 

7.38 

PROP  ETC 

4.39 

3SS. 

10.1 

3S7.93 

11.63 

-0.34 

PROP  ETC 

4.39 

3SS. 

10.1 

3S7.93 

-11.63 

-0.34 

SONAR  DONE 

11.13 

5771. 

16S.0 

14.00 

0.00 

-3.20 

RUDDER 

2.74 

86. 

2.S 

383.09 

11.63 

S.43 

RUDDER 

2.74 

86. 

2.S 

383.09 

-11.63 

S.43 

D-61 


SEAKEEFXNC  ANALYSIS 


PfUffrEO  REPORT  NO.  1  -  SUPfWRY 

FULL  LOAD 


BALES  RANK 

RANK  OF  THE  SYNTHESIZEO  SHIP  (AOUAL  OISP)  7.746 

RANK  OF  THE  SYNTHESIZED  SHIP  (NORMALIZED)  3.206 

RANK  OF  THE  CLOSEST  DATA  BASE  WHJ.  (NORMALIZED)  3.460 
ID  NO  OF  aOSEST  DATA  BASE  SHIP  3 

MCCREICHT  RANK 

RANK  OF  THE  SYNTHESIZED  SHIP  (ACTUAL  SHIP)  S.083 

RANK  OF  THE  aOSEST  DATA  BASE  HULL  S.654 

ID  NO  OF  aOSEST  DATA  BASE  SHIP  34 


PRINTEO  REPORT  NO.  2  -  SHIP  GEONETRY  DATA 

FULL  LOAD  WT,  LTON  S721.8 


FUU  LOAD 


ACTUAL  SHIP 

LBP,  FT 

390.00 

BEAN,  FT 

S4.87 

DRAFT,  FT 

14.99 

VERT  PRISMATIC  COEF  (FWD) 

0.8464 

VERT  PRISMATIC  COEF  (AFD 

0.6943 

MTERPLANE  COEF  (FM)) 

0.6711 

MTERPLANE  COEF  (AFT) 

0.9088 

HP  AREA  AFT  MIDSHIPS,  FT2 

9723.66 

LCB  FROM  FP,  FT 

196.16 

LCF  FROM  FP,  FT 

716.S4 

BML,  FT 

806.48 

CUT-UP  PT  FROM  FP,  FT 

248.63 

NORMALIZED  SHIP 

DISP,  LTON 

4232.1 

LBP,  FT 

352.70 

BEAM,  FT 

49.62 

DRAFT,  FT 

13.55 

CUT-UP  FT  FROM  FP,  FT 

224.85 

D-62 


mirniNC  ANALYSIS 

Norc-THIS  INTERIM  NMMINC  MODEL  PROVIOES  GROSS  TREND  AIMLYSIS  BASED  DN  HISTORICAL 
MANNING  DATA  OF  EXISTING  SHIPS.  REQUESTS  FOR  SHIP  MUMING  DETERMINATION  SHOULD 
BE  DIRECTED  TO  NAVSEA. 


PRINTED  REPORT  NO.  1 

-  SURNARY 

TOTAL  MMHRS  REQAK 

14US.6 

NO  MATCH  STATIONS 

37. 

TOTAL  MWRS  AVAILAK 

11316.0 

NO  MATCHSTANDERS 

111. 

DEFERRED  MMHRSAK 

2809.6 

NO  NON-MATCHSTANDERS 

47. 

OFFICERS  CPO 

ENLISTED 

TOTAL 

REQ  MANNING 

21. 

17. 

21S. 

2S3. 

AVAIL  NANNING 

21. 

24. 

147. 

192. 

DIFFERENCE 

0. 

7. 

-68. 

-61. 

ACCCWtODATIONS 

21. 

24. 

147. 

192. 

PRINTED  REPORT  NO.  2 

-  NANNING  AND  ACCOMMODATION 

SUMIARY 

SHIPS 

CREW 

AIR 

DETACH 

FLAG  STAFF 
/OTHER 

ACCOFMOQATION 

OFFICERS 

17. 

4. 

0. 

21. 

CPO 

23. 

1. 

0. 

24. 

OEM 

135. 

12. 

0. 

147. 

TOTAL 

175. 

17. 

0. 

192. 

PRINTED  REPORT  NO.  3  -  DEPARTMENTAL  NANNING  ANALYSIS 


DEPARTMENT 

MANNING 

FACTOR 

OFFiaRS 

CPO 

ENLISTED 

TOTAL 

CO/EXEC/NAV/MED 

1.0 

3. 

3. 

13. 

19. 

OPERATIONS 

1.0 

3. 

3. 

60. 

66. 

COMBAT 

1.0 

5. 

5. 

54. 

64. 

ENGINEERING 

1.0 

4. 

3. 

44. 

51. 

SUPPLY 

1.0 

2. 

2. 

32. 

36. 

AVIATION 

1.0 

4. 

1. 

12. 

17. 

FLAG  STAFF/OTHER 

— 

0. 

0. 

0. 

0. 

REQ  MANNING 

21. 

17. 

215. 

253. 

AVAIL  NANNING 

21. 

24. 

147. 

192. 

DIFFERENCE 

0. 

7. 

-68. 

-61. 

PRINTED  REPORT  NO.  4  - 

WEEKLY  FUNCTIONAL 

WORKLOAD 

ANALYSIS 

WEEKLY 

KEKLY 

WORKLOAD 

MHRS 

MHRS 

FUNCnON 

FAaOR 

REQ 

AVAIL 

PERCENT 

OPERATIONAL  MANNING  (ON) 

PLANNED  MAINTENANCE  (PM) 

1.0 

5756.2 

40.8 

4-  CORRECTIVE  MAINTENANCE  (CM) 

1.0 

1871.7 

13.3 

OWN  UNIT  SUPPORT  (OUS) 

1.0 

2911.9 

20.6 

FACILITY  MAINTENANCE  (FM) 

1.0 

1196.3 

8.5 

PRODUaiVITY  AUOWANCE  (PA) 

SERVICE  DIVERSION  ALLOMMiCE  (SOA) 

1.0 

1196.0 

8.5 

4-  TRAINING  CD 

TOTAL  WWRS  REQ/NK 

MTCHSTANDERS  (74HRS/MAN-WK) 
NON-WATCHSTANOERS  (66HRS/NAN-HK) 
TOTAL  MMHRS  AVAIL/WK 

DEFERRED  MMHRS/WK 

1.0 

1193.5 

14125.6 

8214.0 

3102.0 

U316.0 

2809.6 

8.4 

100.0 

80.1 

19.9 

D^3 


COST  ANALYSIS 

NOTE-THIS  INTERIM  MODULE  PROVIDES  CUUMNCE  FOR  DEaSXONS 
REGARDING  SHIP  DESIGN  TRADEOFFS  AND  OQNMRATIVE 
EVALUATIONS.  REQUESTS  FOR  ESTIMATES  OF  SHIP  COSTS 
FOR  BUDGETARY  PURPOSES  SHOULD  BE  DIRECTED  TO  MWSEA. 

niZNTEO  REPORT  NO.  1  -  SUMMARY 


YEAR  S  1992. 
INFUTION  ESCAUTION  FAC  1.3B4 
LEARNING  RATE  0.970 
FUEL  COST,  SAM.  0.800 
PAYLOAD  FUEL  RATE.  LTON/HR  0.33 
SHIP  FUEL  RATE,  LTON/HR  1.00 


NO  OF  SHIPS  ACQUIRED 

10. 

SERVICE  LIFE,  YR 

30.0 

ANNUAL  OPERATINC  HRS 

2S00.0 

MILITARY  PA.  LTON 

S4S.4 

LIGHTSHIP  WT.  LTON 

4267.9 

FULL  LOAD  WT.  LTON 

5721.8 

COST  ITEM 


LEAD  SHIP 
FOUON  SNIP 

AVC  ACQUISITION  COST/SHIPCIO  SHIPS) 
LIFE  CYOE  G0ST/SHIP(30  YEARS) 
TOTAL  LIFE  CYCLE  C0ST(30  YEARS) 
DISCOUNTED  LIFE  CYCLE  OOST/SHIP 
OXSCOUNTEO  TOTAL  LIFE  CVaE  GOST 

‘ESTIMATED  VALUE 
“OISOOUNTEO  AT  10  PERCENT 


CDSTS0(IU.I0NS  OF  DOLLARS) 


TOT  SNIP  ♦ 

PAYLOAD 

-  TOTAL 

S76.6 

232.5* 

809.1 

269.5 

206.5* 

476.0 

259.1 

209.1* 

468.2 

1266.1 

12661.1 

84.2* 

842.4** 


PRZNTEO  REPORT  NO.  2  -  IffOT  AOIUISXTZON  COSTS 


SMBS 

GROUP 

UNHS 

INPUTS 

KN 

FAaORS 

LEAD 

SHIP 

COSTS 

SK 

FOLLOW 

SHIP 

COSTS 

$K 

100 

HUa  STRUCTURE 

LTON 

1809.4 

1.00 

15377. 

14454. 

200 

PROPULSION  PLANT 

HP 

52960.0 

2.35 

39611. 

37234. 

300 

ELECTRIC  PLANT 

LTON 

182.4 

1.00 

11860. 

11148. 

400 

GOMMANDf  SURVEILLANCE 

LTON 

354.8 

3.15 

17741. 

16677. 

500 

AUX  SYSTEMS 

LTON 

520.6 

1.53 

26717. 

25114. 

600 

OUTFIT^FURNISNINCS 

LTON 

299.4 

1.00 

11924. 

11209. 

700 

ARMAMENT 

LTON 

105.6 

1.00 

1153. 

1084. 

IMRGIN 

LTON 

474.2 

15548. 

14615. 

800 

DESICN4-ENCINEERINC 

26.06 

216856. 

23962. 

900 

GONSTRUCnON  SERVICES 

4.25 

35844. 

33693. 

TOTAL  CONSTRUCTION  COST 

392629. 

189189. 

CONSTRUCnON  COST 

392629. 

189189. 

PROFITCIO.O  PERaNT  OF  CONSTRUaiON  COST) 

39263. 

18919. 

PRICE 

431892. 

208108. 

CHANCE  0R0ERS(12/8  PERCENT  OF  PRICE) 

51827. 

16649. 

NAVSEA  SUPP0RT(2.5  PERCENT  OF  PRICE) 

10797. 

5203. 

POST  DELIVERY  CHARCES(5  PERCENT  OF  PRICE) 

21595. 

10405. 

0UTFITTINCC4  PERCENT  OF  PRICE) 

17276. 

8324. 

H/M/E  ♦  CROMTHClO  PERCENT  OF  PRICE) 

43189. 

20811. 

TOTAL  SHIP  COST 

576576. 

269500. 

ESTIMATED  PAYLOAD  COST 

232489. 

206457. 

SHIP  PLUS  PAYLOAD  COST 

809064. 

475957. 

ADIUSTEO  FIRST  UNIT  SHIP  COST.  SR  286701.9 
COMBAT  SYSTEM  MEIGHT,  LTON  54S.4 

PROPULSION  SYSTEM  MEIGHT,  LTON  S21.4 

ADJUSTED  FIRST  UNIT  SHIP  GOST  EQUALS 
FOLLOH  SHIP  TOTAL  COST  DIVIDED  BY  0.940 


PUNTED  REPOU  NO.  3  -  LIFE  CYCLE  COSTS 


IOC  YEAR 

2010. 

PAYLOAD  FIMEL  RATE.  LTON/HR 

0.33 

R«-0  PROGRAM  LENGTH, 

YRS 

0. 

SHIP  FUEL  RATE.  LTON/HR 

1.00 

NUMBER  OF  SHIPS  ACQUIRED 

10. 

TECH  AON  COST.  SM 

0.00 

SERVICE  LIFE.  YRS 

30. 

ADDL  FAdLITY  COST.  SM 

0.00 

NO  OF  OFFICERS/SHIP 

21. 

DEFERRED  MMHRS  REQ.  HR/M( 

0. 

NO  OF  ENLISTED  MEN/SHIP 

171. 

PRODUCTION  RATE,  SHIPS/YR 

2.00 

30 

-  YEAR  SYSTEMS  COST 

(MILLIONS  OF  YEAR  1992  DOLLARS) 

SHIP 

PAYLOAD 

OTHER 

TOTAL  SYSTEM 

TOTAL 

COST  ELEMENT 

NONREC 

NONREC 

NONREC 

NONREC  RECUR 

SYSTEM 

R-fD  TOTAL 

0. 

0. 

0. 

0. 

0. 

DESIGIN-DEVELMNT 

0. 

0. 

0. 

0. 

TEST-fEVALUATION 

0. 

0. 

0. 

0. 

0. 

INVESTMENT 

2798. 

2781. 

4. 

5583. 

5583. 

EQUIPMENT 

2721. 

2509. 

5229. 

5229. 

PRIME 

2591. 

2091. 

4682. 

4682. 

SUPPORT 

130. 

418. 

548. 

548. 

FAaLinES 

0. 

0. 

0. 

INHIAL  SPARES 

78. 

272. 

350. 

350. 

ASSOCIATED  SYS 

4. 

4. 

4. 

OPERATIONS^SUPPRT 

7405. 

7405. 

PERSONNEL 

1048. 

1048. 

OPERATIONS 

716. 

716. 

MAINTENANCE 

2174. 

2174. 

ENERGY 

204. 

204. 

REPL  SPARES 

2272. 

2272. 

MAJOR  SUPPORT 

976. 

976. 

ASSOCIATED  SYS 

15. 

15. 

LESS  RESIDUAL  VALUE 

327. 

LIFE  CYaE  TOTAL  SYSTEMS  COST 

12661. 

DISCOUNTED  AT  10  PERCENT 

842. 

COST  PER  VEHiaE-UNOISCOUNTEO  1266. 
COST  PER  VEHiaE-OISCOUNTEO  84. 


D-65 
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A55ET/MONOSC  VERSION  3.2  -  HULL  GEOM  MODULE  -  1/15/93  10.49.05. 

GRAPHIC  DISPLAY  NO.  2  -  HULL  ISOMETRIC  UIEW 


A5SET/M0NO5C  VERSION  3.2  -  HULL  GEOM  MODULE  -  1/15/93  10.49.05. 

GRAPHIC  DISPLAY  NO.  3  -  HULL  PROFILE  AND  WEATHER  DECK  PLAN  UIEW 


i 


D-68 


i 


I> 

AS5ET/M0N0SC  ^^ERSION  3.E  -  HULL  GEOM  MODULE  -  1/15/93  10.49.05. 

GRAPHIC  DISPLAY  NO.  4  -  DESIGN  WATERLINE  PLAN  UIEW 


1 


D-69 


( 


D-71 


CiSSET/MONOSC  UERSION  3.2  -  HULL  5UBDIU  MODULE  -  1/14/93  U.  U.  14 

GRAPHIC  DISPLAY  NO.  2  -  HULL  DECKS  AND  PLATFORMS 

MAIN  DECK 


TOTAL  AREA,  FT2 
HULL  UOLUM^,  FT3 


19563.4 

598970. 


I> 

AS5ET/M0N0SC  iJERSION  3.1  -  HULL  5UBDIU  MODULE  -  1/14/93  14. U. 14. 

GRAPHIC  DISPLAY  NO.  3  -  HULL  DECKS  AND  PLATFORMS 

END  DECK 

(INTERNAL  DECK  NO.  1) 


TOTAL  AREA,  FT2 

18233.8 

UNUSABLE  AREA  FWD,  FT2 

0.0 

UNUSABLE  AREA  AFT,  FT2 

0.0 

LOST  MR  AREA,  FT2 

0.0 

LOST  REQ  TANKAGE  AREA,  FT2 

0.0 

AUL  ARR  AREA,  FT2 

18233.8 

1 _ I _ I _ I  SCALE 

0  50  100  150  ft 


D-73 


( 

i> 

fiSSET/MONOSC  'v'ERSION  3.E  -  HULL  SUBDIU  MODULE  -  1/14/93  14.  14.  14. 

GRAPHIC  DISPLAY  NO.  4  -  HULL  DECKS  AND  PLATFORMS 

1ST  PLATFORM 
(INTERNAL  DECK  NO.  Z) 


TOTAL  AREA,  FT2 

17254.4 

UNUSABLE  AREA  FWD,  FT2 

-100.3 

UNUSABLE  AREA  AFT,  FT2 

0.0 

LOST  MR  AREA,  FT2 

-3769.9 

LOST  REQ  TANKAGE  AREA,  FT2 

0.0 

AUL  ARR  AREA,  FT2 

13384.2 

1.0  0.9  0.8  0.7  0.8  0.5  0.4  0.3  0.E  0.1  0.0 


I _ I _ I _ I  SCALE 

0  50  100  150  ft 
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I> 


AS5ET/M0N05C  'VERSION  3.2  -  HULL  5UBDIU  MODULE  -  1/14/33  14. 14. 14. 

GRAPHIC  DISPLAY  NO.  5  -  HULL  DECKS  AND  PLATFORMS 

2ND  PLATFORM 
(INTERNAL  DECK  NO.  3) 


TOTAL  AREA,  FT2 
UNUSABLE  AREA  FWD,  FT2 
UNUSABLE  AREA  AFT,  FT2 
LOST  MR  AREA,  FT2 
LOST  REQ  TANKAGE  AREA,  FT2 


14328.3 
-70.  B 
-7.2 
-5764,2 
0.0 


AUL  ARR  AREA,  FT2 


3086.1 


0 


50 


100 


150  FT 


SCALE 
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I> 

(CiSSET/MONOSC  VERSION  3.2  -  DECKHOUSE  MODULE  -  1/15/93  09.09.51 

GRAPHIC  DISPLAY  NO.  1  -  DECKHOUSE  PROFILE  AND  PLAN  VIEWS 


0  50  100  150  FT 


( 


D-76 


( 

I> 

ftSSET/MONOSC  VERSION  3.2  -  DECKHOUSE  MODULE  -  1/15/83  09.09.51. 

GRAPHIC  DISPLAY  NO.  2  -  DECKHOUSE  END  UIEW 


i 


D-77 


6SSET/M0N0SC  VERSION  3.2  -  HULL  STRUCT  MODULE  -  1/15/93  09.11. 

GRAPHIC  DISPLAY  NO.  1  -  MIDSHIP  SECTION 


2  -  I 

HULL 


Q 


SCALE 

FT 


Q:LUI/1MU^(— <IZOUJ  —ICDLL 


I> 


ASSET/MONOSC  VERSION  3.2  -  RESIST ^>NCE  MODULE  -  1/15/9: 

GRAPHIC  DISPLAY  NO.  I  -  RESISTANCE  UERSU5  5PEE 


D-81 


I> 


( 


A5SET/M0NO5C  ^^ERSION  3.2  -  RESIST^^NCE  MODULE  -  1/15/93  09.13.38. 


GRAPHIC  DISPLAY  NO.  2  -  EHP  UERSUS  SPEED 


SHIP  SPEED,  KT 

DISPLACEMENT  =  5721  LTON 


( 


D-82 


LULLLLlJJOt-MI>lU  lOIZUnLUCLOIIiUJCt  IQ_ 


I) 


( 


^iSSET/NONOSC  VERSION  3.2  -  RESISTi^NCE  MODULE  -  1/15/93  09.13.38. 


GRAPHIC  DISPLAY  NO.  2  -  EHP  VERSUS  SPEED 


SHIP  SPEED.  KT 

DISPLACEMENT  5459  LTON 


f 


D-83 


( 

\ 

1> 

A55ET/M0N0SC  VERSION  3.2  -  PROPELLER  MODULE  -  1/15/83  09.15.05. 

GRAPHIC  DISPLAY  NO.  1  -  OPEN  WATER  DIAGRAM 


ADUANCE  COEF  (J) 


PROP  SERIES  IND-TROOST  PROP  ID  IND- 


( 


D-84 


AS5ET/MCN0SC  k^ERSION  3.2  -  PROPELLER  MODULE  -  1/15/93  09.15.05. 

GRAPHIC  DISPLAY  NO.  2  -  TRAN5UER5E  SECTION 


F.L.  DRAFT 


(2I5SET/M0NO5C  VERSION  3.2  -  MACHINERV  MODULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  2  -  MACHINERY  BOX 


A5SET/M0NO5C  VERSION  3.2  -  MACHINERY  MODULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  3  -  MR  PLAN  OIEUS  (MMRl) 

PAGE  1  OF  3 


0.38  0.36  0.34  0.32  0.30  LBP 


1 _ I _ ^ _ I  SCALE 

0  5  10  15  FT 


A5SET/M0NO5C  VERSION  3.2  -  MACHINERY  MODULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  3  -  MR  PLAN  UIEW5  (MMR2) 

PAGE  2  OF  3 


0.54  0.52  0.50  0.48  0.46  LBP 

\ _ 1— .1 _ I  SCALE 

0  5  10  15  FT 


I> 


A5SET/M0N05C  VERSION  3.2  -  MACHINERV  TOULE  - 

GRAPHIC  DISPLAY  NO.  4  -  MR  PROFILE  VIEWS  (MMRl) 

PAGE  1  OF  3 


/ 

\ 

1 

1 

mS83 

.rH' 

L _ w 

_j _ i _ I _ ^ - 1 - ^ 

0.38  0.36  0.34  0.32  0.30  LBP 

1 _ I _ 1 _ /  SCC\LB 

0  5  10  IS  FT 
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A5SET/M0NO5C  k^ERSION  3.2  -  Mi^CHINERY  MODULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  4  -  MR  PROFILE  UIEW5  (MMR2) 

PAGE  2  OF  3 


0.54  0.52  0.50  0.48  0.46  LBP 


t  I _ I  /  SCALE 

0  5  10  15  FT 


A5SET/M0NO5C  'JERSION  3.2  -  MACHINERY  MC0ULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  4  -  MR  PROFILE  OIEN5  (AMRl) 


PAGE  3  OF  3 


__1 _ I _ 1 _ I _ I _ L  ..  - 

0.72  0.70  0.68  0.66  0.64  LBP 

>11'  SCALE 

0  5  10  15  FT 


tiSSET/MONOSC  UERSION  3.2  -  MACHINERY  MODULE  -  1/15/93  09.21.02 

GRAPHIC  DISPLAY  NO.  5  -  PROPULSION  APPENDAGES  PROFILE  UIEW 


I> 
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I> 

ASSET/M0NO5C  UER5I0N  3.2  -  PERFORMANCE  ANALYSIS  -  1/15/^ 

GRAPHIC  DISPLAY  NO.  3  -  TOTAL  POWER  UERSU5  SPEI 


16  18  20  22  24  26  28 

SHIP  SPEED,  KT 
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A5SET/MONOSC  VERSION  3.2  -  PERFORM^^NCE  AN^^LYSIS  -  1/15/93  09.27.26. 


16  18  20  22  24  26  28 

SHIP  SPEED,  KT 


D-98 


22  24 

IP  SPEED,  KT 
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^^SSET/MONOSC  'VERSION  3.2  RFORMANCE  ANALYSIS  -  1/15/93  09.27.26. 


16  18  20  22  24  26  28 

SHIP  SPEED,  KT 
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D-lOO 


A5SET/M0NO5C  VERSION  3.2  -  PERFORMANCE  ANALYSIS  -  1/15/93  09.27.26 

GRAPHIC  DISPLAY  NO.  7  -  PROPULSIVE  COEFFICIENT  VERSUS  SPEED 

1.0  I - 1 - 1 - 1 - 1 - 1 - 1 


20  22 
SHIP  SPEED,  KT 


( 
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ASSET/MONOSC  VERSION  3.2  -  PERFORMANCE  ANALYSIS  -  1/15/93  09.27.26. 

GRAPHIC  DISPLAY  NO.  8  -  TRANSPORT  EFFICIENCY  UERSUS  SPEED 


16  18  20  22  24  26  28 

SHIP  SPEED,  KT 


D-102 


I> 

A5SET/MONOSC  VERSION  3.2  -  HYDROSTATIC  ANALYSIS  -  1/15/33  09.45.14 

GRAPHIC  DISPLAY  NO.  I  -  HULL  COEFFICIENTS  OF  FORM 


HULL  COEFFICIENTS  OF  FORM 


TRIM(^UE  BY  STERN),  FT 


2.36 


APPENDAGE  IND-WITH 


I> 

tfiSSET/MONOSC  'VERSION  3.2  -  HYDROSTATIC  ANALYSIS  -  1/15/93  09.45.14. 

GRAPHIC  DISPLAY  NO.  2  -  HYDROSTATIC  VARIABLES  OF  FORM 


01  2345G789  10 

DISPL , MT 1 , TP 1 , BMT , BML , KB , CIO 1 TS , N5URF 


D 


AFT-5.0  -4.0  -3.0  -2.0  -1.0  0.0  1.0  2.0  3.0  4.0  5.0FW 
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GRAPHIC  DISPLAY  NO.  4  -  INTACT  STATIC  STABILITY  WITH  WIND  HEELING  ARM 
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GRAPHIC  DISPLAY  NO.  5  -  INTACT  STATIC  STABILITY  WITH  TURN  HEELING  ARM 
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GRAPHIC  DISPLAY  NO.  6  -  DAMAGED  STATIC  STABILITY 
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